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New M-S-A CO Poisoning Test Kit determines 
extent of carbon monoxide poisoning in 
concentrations as low as 3% in 2 quick ways: 


1. Alveolar air sample shows presence of CO-in-Blood in less than one minute 
2. Blood sample analysis shows percent of CO-in-Blood in less than five minute 


The new M-S-A CO Poisoning Test Kit has been 
designed to give a quick, accurate analysis in either 
of two ways. Both methods make the final analysis 
with the M-S-A CO Tester Tube. 

When the patient is conscious and able to inflate the 
sample collecting bailoon, the M-S-A Test Kit may be 
used for quick information on CO-in-Blood through 
alveolar air sample. This method indicates blood satu- 
ration in the range of 0 to 62°. 


When the patient is unconscious and unable to inflat 
the sample collecting balloon, the M-S-A Test Kit ma 
be used for quick information on CO-in-Blood throug 
blood sample. A sample of blood is required which 
then combined with a chemical reagent which liberate 
the CO from the blood. This test should be performe 
by competent medical personnel. 

Write for new bulletin giving detailed description 
of test methods and component parts of kit. 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue, Pittsburgh 8, Pennsylvania 


MINE SAFETY APPLIANCES COMPANY of CANADA, Ltd. 
Toronto, Calgary, Edmonton, Montreal, Sydney, Vancouver, Winnipeg 
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you and your patient 


can see the improvement 


in blepharitis, 
conjunctivitis, 
episcleritis, 
keratitis, 
meibomitis 
and other 
external eye 
conditions 


prednisolone effectively checks 

inflammation and allergy 

sulfacetamide sodium, with its wide-spectrum 
antibacterial range, controls infections 

caused by common eye pathogens 

addition of neomycin sulfate to prednisolone 

and sulfacetamide sodium in METIMypD Ointment 
broadens the antibacterial spectrum, the ointment. 

also assures sustained therapeutic action during the night 
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Instructions to Contributors 


Articles, book reviews, and other materials for publication should be addressed to the Chief 
Editor. Articles are accepted for publication on condition that they are contributed solely to this 


journal. e 


An original typescript of an article, with one carbon copy, should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a l-inch margin at 
each edge. Another carbon copy should be retained by the author, 


The main title of an article may not contain more than eighty characters and spaces; a 
subtitle may be of any length. 


The author’s name should be accompanied by the highest earned academic or medical 
degree which he holds. If academic connections are given‘for one author of an article, such 


connections must be given for all other authors of the article who have such connections. 


If it is necessary: to publish a recognizable photograph of a person, the author should 
notify the publisher that permission to publish has been obtained from the subject himself 
if an adult, or from the parents or guardian if a child. An illustration that has been published 
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NEW PRODUCTS 


)R RHEUMATISM AND TRAUMATIC DISORDERS 


| : 
SPECIFIC MUSCLE RELAXANT PLUS 


PREFERRED ANALGESIC 


SDR ARTHRITIS 


ee-ctive and well tolerated on the practical dosage of only 6 tablets daily, 

BEERAFON and PARAFON WITH PREDNISOLONE provide benefits that last for up to six hours. 
RAFON relieves pain, stiffness, and disability caused by rheumatism and traumatic 
prders; PARAFON WITH PREDNISOLONE compounds this relief with anti-inflamnratory 
on in treatment for arthritis. 

Bplied: ParaFon: Tablets, scored, pink, bottles of 50. Each tablet contains: 

Chlorzoxazonet 125 mg.; and Acetaminophen 300 mg. 

AFON WITH PREDNISOLONE: Tablets, scored, buff colored, bottles of 36. 


h tablet contains: PararLex Chiorzoxazone 125 mg.; 
ENOL Acetaminophen 300 mg.; and prednisolone 1.0 mg. 


cautions: The precautions and contraindications that apply to all steroids should 
Seexept in mind when prescribing PARAFON WITH PREDNISOLONE. 


pt-wank PATENT PENDING 


BEE-Neil Laboratories, Inc + Philadelphia 32, Pa. 
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The following articles from TODAY'S HEALTH are 
now available in pamphlet form. 


ALCOHOLISM IS A DISEASE. A discussion by the Chairman 
of the A.M.A. Committee on Alcoholism. by Marvin A. Block, 
M.D., 8 pages, 15 cents. : 

I AM THE WIDOW OF AN ALCOHOLIC. Three articles 
combined. by Virginia Conroy, 16 pages, 20 cents. 

HOW EXPERTS MEASURE DRUNKENNESS. A partial 
transcript of an actual courtroom case. by H. A. Heise, 8 pages, 
15 cents. 

BARBITURATES, BOOZE AND OBITUARIES. A discus- 
sion of the dangers of mixing alcohol and barbiturates. by Donald 
A. Dukelow, 4 pages, 10 cents. 

TWELVE STEPS FOR ALCOHOLICS. A frank discussion of 
the meaning of an alcoholic behavior. by Richard Lake, 6 pages, 
10 cents. 


These articles are available in one pamphlet for 50c 


ALCOHOLICS ANONYMOUS. Written from the standpoint 
of a member, the basic treatment procedures are described and the 
psychological problems confronting the alcoholic are discussed. 
ALCOHOL AND CIRRHOSIS OF THE LIVER. Relationship 
between alcohol, diet and cirrhosis. Increasing stress on nutri- 
tional differences. by Russell S. Boles. 

HOW TO HELP A PROBLEM DRINKER. Understanding the 
alcoholic’s capabilities, the necessity of help, causes of his con- 
dition. by Edward A. Strecker and Francis T. Chambers, Jr. 
THE TREATMENT OF ALCOHOLISM. Tracing the steps from 
convincing the alcoholic that he is sick through treatment and 
cure. by Lewis Inman Sharp. 

CONDITIONED REFLEX TREATMENT OF CHRONIC 
ALCOHOLISM. Its place among methods of treatment today, 
its development and correlation with personality factors. by 
Walter L. Voegtlin. 

INSTITUTIONAL FACILITIES FOR THE TREATMENT OF 
ALCOHOLISM. Comparative differences, in drinking, with the 
last century, new establishments and methods of treatment, lack 
of trained personnel. by E. H. L. Corwin. 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
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esteroid era opened ten years. age of Gortone* (Cortisone). Today, 
ERCK SHARP & DOHME proudly presents the crowning achievement of the first corticosteroid decade — 
CADRON (dexamethasone) — a and unique compound, which brings a new order of magnitude to cortico- 


to treat more patients more effectively 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO.. INC. 
PHILADELPHIA 1, PENNSYLVANIA 
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1. Boland, E. W.: California Med. 
88:417 (June) 1958. 2. Bunim, J. J., et 
al.: Arthr. & Rheum. 1:313 (Aug.) 1958 
3. Boland, E. W., and Headley. N. E.: 
Paper read before the Am. Rheum. 
Assoc., June 21, 1958, San Francisco, 
Calif. 4. Bunim, J. J., et al.: Paper read 
before the Am. Rheum. Assoc., 

June 21, 1958, San Francisco, Calif. 


in anti-inflammatory potency 


DECADRON ‘“‘possesses greater anti-inflammatory potency 
per milligram than any steroid yet produced,’’' and is 

“the most potent steroid thus far synthesized.’’? Milligram for 
milligram, it is, on the average, 5 times more potent than 
6-methylprednisolone or triamcinolone; 7 times more 

potent than prednisone; 28 times more potent than 
hydrocortisone; and 35 times more potent than cortisone. 


in dosage reduction 


Thanks to this unprecedented potency, DECADRON is 
‘highly effective in suppressing the manifestations of 
rheumatoid arthritis when administered in remarkably small 
daily milligram doses.'’? In a number of cases, doses as 

low as 0.5-0.8 mg. proved sufficient for daily maintenance. 
The average maintenance dosage in rheumatoid arthritis 

is about 1.5 mg. daily. 


in avoidance of new side effects 


A minimal incidence of diabetogenic activity, edema, sodium or 
water retention, hypertension, or psychic reactions has been 
noted with DECADRON.'.?,3.4 Other ‘‘classical’’ reactions 

were no more frequent or severe. DECADRON showed no increase 
in ulcerogenic potential, and digestive complaints were rare. 

Nor have there been any new or “‘peculiar” side effects, such as 
muscle wasting, leg cramps, weakness, depression, anorexia, 
weight loss, headache, dizziness, tachycardia, or erythema. 


in therapeutic effectiveness 


With DECADRON, investigators note ‘‘a decided intensification 

of the anti-inflammatory activity'’? and antirheumatic potency.* 
Clinically, this was manifested by a higher degree of improvement 
in many patients previously treated with prednisteroids,? 

and by achievement of satisfactory control in an impressive 
number of recalcitrant cases.* .* 


in therapeutic range 


More patients can be treated more effectively with DECADRON. 
Its higher anti-inflammatory potency frequently brings 

relief to cases resistant to other steroids. Relative freedom 

from diabetogenic effect in therapeutic dosage permits 
treatment of certain diabetics without an increase in insulin 
requirements. Minimal incidence of hypertension and of sodium 
and fluid retention allows effective therapy of many patients 
with cardiovascular disorders. And a healthy sense of well-being, 
reported by nearly all patients on DECADRON, assures 

excellent patient cooperation. 


i 


To treat more patients more effectively 
in all allergic and inflammatory disorders 
amenable to corticosteroid therapy 


DOSAGE AND ADMINISTRATION 
With proper adjustment of 
dosage, treatment may ordinarily 
be changed over to DECADRON 
from any other corticosteroid 

on the basis of the following 
milligram equivalence: 


One 0.75 mg. tablet of Decadron (dexamethasone) replaces: 


one 4 mg. one 5 mg. one 20 mg. one 25 mg. 
tablet of tablet of tablet of tablet of 


metnylprednisolone or prednisolone or 
triamcinolone prednisone hydrocortisone cortisone 


SUPPLIED: 

As 0.75 mg. scored pentagon- 
shaped tablets; also as 0.5 mg. 
tablets, to provide maximal 
individualized flexibility of 
dosage adjustment. 


DEXAMETHASONE 


Detailed literature on DECADRON is available to physicians on request. 
*DECADRON is a trademark of Merck & Co., Inc. 
©1958 Merck & Co., Inc. 
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jie of magnitude in therapy 


The great corticosteroid era opened ten years ago with the introduction of Cortone® (Cortisone). Tod: 
MERCK SHARP & DOHME proudly presents the crowning achievement of the first corticosteroid decade J 
DECADRON (dexamethasone) —a new and unique compound, which brings a new order of magnitude to cortic 
steroid therapy. 


to treat more patients more effectively 


MERCK SHARP & DOHME 
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SPECIALTY JOURNALS 


PUBLISHED MONTHLY 


BY THE AMERICAN MEDICAL ASSOCIATION 


each journal offers 

the latest medical findings by 
outstanding authorities in 

its special field... 

of value not only 

to the specialist but 


to the general practitioner as’ well 


to order your subscription to one of the A.M.A.’s 


specialty journals use the form below 


AMERICAN MEDICAL ASSOCIATION USA. & Outside 


= Possessions Canada U.S.A. & 
535 North Dearborn ¢ Chicago 10 APO's Possessions 


Please enter my subscription to the specialty journal checked at right (1 AM.A. Arch. Neurology and 
Psychiatry J $14.50 $15.50 
() A.M.A. Arch. Dermatology.... 12.00 12.50 13.50 
[| A.M.A. Arch. Industrial Health. 10.00 10.50 11.50 
[] A.M.A. Arch. Internal Medicine 10.00 10.50 11.50 
A.M.A, Jrl. Diseases of Children 12.00 12.50 13.50 
A.M.A. Arch. Surgery 14.50 15.50 
ADDRESS A.M.A. Arch. Pathology 10.50 11.50 
A.M.A. Arch. Ophthalmology. . 12. 12.50 13.50 
CITY A.M.A, Arch. Otolaryngology.. 14: 14.50 15.50 


Start my subscription with the next Issue 


Remittance for one year two years is enclosed 


NAME 


Toxicology Studies for the Chemical, 


utical, Pesticide, and Food 


Pharmace onic) 


Industries (acute and chr 
Projects and Consultation. 

Write for price schedule and 
information on other services cana 


WISCONSIN ALUMNI RESEARCH FOUNDATION Aue 


P. O. Box 2217-Q * MADISON 1, etal FOUNDATION 


AMLA. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED 
PRACTICE . . 


. Subscribe NOW to: 


> A.M.A. Archives of INTERNAL MEDICINE 
> A.M.A. Archives of PATHOLOGY 


Write to: 


>A.M.A. Archives of OPHTHALMOLOGY 


THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


The “well-informed” patient can help you, by 
helping himself. For reliable information on this subject, 


HEART have your patients read: 


HEALTHY HEARTS 


A collection of Hygeia articles: The War Against Heart Dis- 
DISEASE eases Still Rages, Hearts in the Breaking, Preventing Heart 
Attacks, Heart Diseases of Middle Life. 


20 pages, 20 cents 


STROKE 


In relation to overweight, hardening of the arteries, high blood 


an indiscriminate pressure, blood clots, diabetes. 


killer, 
touching 


the young 
or old 


by William W. Bolton 

8 pages, 15 cents 

HEART ATTACK . 

Covering types of attacks, symptoms, relief and heart diseases. 
by Walter Modell 

12 pages, 15 cents 

A KITCHEN FOR THE “TAKE-IT-EASY" COOK 

Designed for the cardiac housewife, but the work-saving ideas 
can be applied in any kitchen. Illustrated. . 


by Anna May Wilson 
16 pages, 20 cents 


WRITE TO: 


BUREAU OF HEALTH EDUCATION 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN - CHICAGO 10 . 
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NEW PRODUCT 
FOR EASY 
AND PAINLESS 


REMOVAL OF 
EARWAX-— 


WITHOUT 
INSTRUMENTATION 


erumenex 


(CONTAINS CERAPON® 10.0°% IN PROPYLENE GLYCOL WITH CHLORBUTANOL 0.5%) [) R O =) S 


ically proven? CERUMENEX emulsifies and loosens earwax, facilitating its painless 
removal —without irritation or instrumentation—by simple syring- 
ing, flushing, or washing of ear with lukewarm water. 


93.5 PER CENT EXCELLENT ; 
- effective, convenient, and painless; greatly expedites office proce- 
RESULTS OBTAINEDIN dures and saves time; simplifies routine aural examinations 
PARATE CONTROLLED SERIES _ . non-irritating and non-allergenic; well tolerated by patients in 
OMPRISING 785 PATIENTS _ ages 


ALL AGES) WITH EXCESS OR ° helps relieve symptoms of itching, pain, autophony, impaired 
hearing, a sense of fullness, tinnitus and vertigo, if due to excessive 
IMPACTED CERUMEN  cerymen 


+ hygroscopic — helps absorb aqueous transudates 
+ a specially-prepared water soluble agent specifically for facilitating 
removal of cerumen 


ICTIONS FOR USE: Fill ear canal with CERUMENEX. Insert cotton plug and allow to remain overnight. (In some 
nts 15 to 20 minutes may be sufficient.) Then, gently flush or wash ear with soft rubber syringe using lukewarm 
r (avoid excessive pressure). If a second application is necessary in unusually hard impactions, repeat dosage and 
/ again to remain in situ overnight; then, repeat cleansing procedure. supPLY: 15 cc. bottle, packaged with 
phane wrapped blunt-end ear dropper. * BRAND OF TRIETHANOLAMINE POLYPEPTIDE OLEATE-CONDENSATE U.S. AND FOREIGN PATENTS PENDING 


COMPLETE INFORMATION AVAILABLE UPON REQUEST TO THE MEDICAL DIRECTOR 


Oe ° DEDICATED TO PHYSICIAN AND PATIENT SINCE 1892 
omfuiny NEW YORK 14, N.Y. | TORONTO 1, ONTARIO 


pyright 1958, The Purdue Frederick Company 
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EFFECTIVELY 


CONTROLS anxiety- 
tension-induced exacer- 
bations and emotional 
factors through the 
tranquilizer and muscle- 
relaxant! effects of 


hydroxyzine. Potentiates 


the action of prednisolone, 
improving response, 


often increasing 


i dosage efficiency, and 


permitting lower 
dosages.2* The unique 
anti-secretory action® 
of hydroxyzine also 


minimizes corticoid-induced 


gastric reactions. 


‘> Hutcheon, D. E., et al.: 
Paper presented at Am. Soc. 
Pharmacol. & Exper. Therap., 
Nov. 8-10, 1956, French Lick, 
Ind. 


So. Johnston, T. G., and Cazort, 


A. G.: Clin. Rev. 1:17, 1958. 


= 3. Warter, P. J.: J. M. Soc. 


New Jersey 54:7, 1957. 


. Individual Case Reports to 
Medical Dept., Pfizer 
Laboratories. 


we 5. Strub. I. H.: To be published. 


prednisolone-hydroxy 


SUPPLIED: 


ATARAXOID 5.0 


scored green tablets, 
5.0 mg. 

prednisolone and 10 mg. 

hydroxyzine hydrochloride] 

bottles of 30 and 100. 


ATARAXOID 2.5 


2.5 mp 


scored blue tablets, 
prednisolone and 10 mg. 
hydroxyzine hydrochloride 
bottles of 30 and 100. 


ATARAXOID 1.0 


scored orchid tablets, 

1.0 mg. 
prednisolone and 10 meg. 
hydroxyzine hydrochloride 
bottles of 100. 


-PFIZER LABORATORIES 


Division, Chas. Pfizer & Co., Inc 


Brooklyn 6, New York 
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Labeling Requirements for Toxic Substances 


HERVEY B. ELKINS, Ph.D., Boston 


In 1957, the Committee on Standard 
Labeling Procedures of the American Con 
ference of Governmental Industrial Hygi 
enists prepared a guide rules and 
regulations for the labeling of hazardous 
substances. Copies were sent to all members 
of the Conference and, in addition, to various 
trade associations which had shown interest 
in precautionary labeling. 

To say that our efforts to improve on 
existing regulations were greatly appreciated 
by these industrial groups would be a gross 
exaggeration. Without exception they pro 


tested against our Guide. The pro‘ests 
varied from specific criticisms of various 
portions of the Guide to the blunt suggestion 
that we retire from this area and leave the 
handling of labeling to people who knew 
something about it. 

It is proposed to review some of the 


differences between our Guide and _ the 


regulations based on the Manufacturing 


Chemists Association’s labeling manual. 
lirst, however, let us go back a few years 
and look briefly into the history of the 
precautionary labeling of industrial chemi 
cals. 

Received for publication June 9, 1958 

Adapted from a paper presented to the American 
Conference of Governmental Industrial Hygienists 
at Atlantic City, N. J., April 21, 1958 

Chairman, Committee on Standard Labeling 
Procedures, American Conference of Governmental 
Industrial Hygienists; Director, Division of Occu 


Hygiene, Division of Labor and In 


pational 
dustries, The Commonwealth of Massachusetts 


The Governmental Industrial Hygienists’ Viewpoint 
Vg 


\bout 25 vears ago, the Surgeon General 
of the United States Public Health Service 
negotiated some gentleman's agreements with 
leading industrial chemical manufacturers 
hey provided for suitable warning labels 
on the following substances: aniline oil, and 
mixtures containing over 5¢ aniline: carbon 
disulfide, and mixtures containing over 10% 
carbon disulfide; benzol, and mixtures con 
benzol; 


taining over 15 methanol, and 


mixtures containing over methanol: 
carbon tetrachloride, and similar chlorinated 
hydrocarbons, and mixtures containing over 
Ol 


diphenyls, and diphenyl oxides. 


same; chlorinated naphthalenes, 

It is noteworthy that these are all sub 
stances recognized primarily as industrial 
poisons and that in most cases chronic 
poisoning is as important as, if not more 
mnportant than, acute toxicity. Moreover, 
in nearly 


every case not only the pure 


substances but mixtures containing them 
were specified, 

After establishment of these agreements, 
government agencies concerned with in 
dustrial hygiene apparently lost interest in 
warning labels, but the Manufacturing 
Chemists proceeded to develop a_ logical 
system of labeling and greatly improved the 
wording used in the original labels. 

The MCA system, as embodied in their 
Manual L :. consists of three parts. The 
first includes definitions and general princi- 
ples. The second part consists of about 130 
labels for upward of 150 different industrial 
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chemicals. These are termed illustrative 
warning labels. The third section consists 
of similar illustrative labels for pesticides. 
Without doubt this manual is the most useful 
document currently in existence dealing with 
warning labels. 

Several states have adapted this system, 
with very little change, to regulations for 
labeling of industrial chemicals. These states 
have either taken the first the 
manual essentially as written, or else con 
it. They have taken the second 
illustrative 
chemicals 


section of 
densed 
section for industrial 
either verbatim or nearly so. 


labels 


The last section, on pesticides, is usually 
omitted. 

It so happens that in several of these 
states these regulations are enforced by 
agencies not responsible for industrial health. 
Thus in New Jersey and California they are 
in the Labor Department or Industrial Com- 
In New York, where Industrial 
Hygiene is a Labor Department function, 
labeling regulations were adopted by the 
Health Department. 


missin. 


Only in Illinois, Oregon, and Hawaii are 
industrial hygiene and labeling regulations 
administered by the same department. 

excellent as this manual is, it, and the 
regulations it, contain certain 
trends and inconsistencies that are objec- 
tionable, in my opinion, to those of us 
interested primarily in the health of in- 
dustrial workers. 


based on 


The first of these trends is a shift in 
emphasis toward accident, rather than health, 
hazards. Thus the MCA definition of 
“poison” specifies a’ substance that, in cer- 
tain dosages (which are given) will cause 
the death of humans or animals within 48 
hours. None of the substances covered by 
the Surgeon General's agreement would 
qualify as a poison under this definition. 

Thus to be a poison by inhalation, the 
LCso for one hour’s exposure must be 2 mg. 
per liter or less. In the case of benzene, this 
would be about 700 ppm. This is actually 
about the concentration considered 
dangerous in an hour. We feel that the word 


“poison” or “poisonous” should appear on 
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DANGER! 
CARBON 
TETRACHLORIDE 


HAZARDOUS VAPOR AND LIQUID 
MAY BE FATAL IF INHALED OR SWALLOWED 
USE ONLY WITH ADEQUATE VENTILATION. 
DO NOT BREATHE VAPOR. 


AVOID PROLONGED OR REPEATED CONTACT WITH SKIN. 
DO NOT TAKE INTERNALLY 


@ POISON 


FIRST AID — ANTIDOTE 


MOVE TO FRESH AIR IMMEDIATELY. Use artificial respiro- 
tion if breathing hos stopped. Flush from skin ond eyes with 
water. Remove contaminated clothing. 


1F SWALLOWED AND PATIENT IS CONSCIOUS: Give glass- 
ful of warm seepy or salty woter. 


CALL A PHYSICIAN. 


Warning label for poisonous solvent. 


labels of substances with very serious chronic 
effects, such as those of benzene and carbon 
disulfide, even though this acute toxicity is 
not great. 

The reason for this is clear if we examine 
a sample label’ (Figure). In this label, which 
is typical of those prepared under MCA 
principles, three words stand out. These are 
the name the substance, the 
DANGER, and the word POISON. If we 
eliminate. the last, we greatly weaken the 
label, in my opinion, especially since the 
word “danger” appears on labels for prod- 
ucts of low toxic but high fire hazard, such 
as acetone. 


of word 


| might comment that the American 
Medical Association’s Committee on Toxi- 
cology has recommended omitting the word 
“poison” from warning labels. This strikes 
me as a step in the wrong direction, for the 
reasons just noted. 

The reader may be puzzled by the fact 
that this label bears the word “poison,” 
although it is for a substance which does 
not qualify as a poison under the MCA 
definition. If we turn to Section IT of the 
manual, we find the cause of this discrep- 
ancy. The illustrative labels in this section 


lol 18, Dec 4 1958 


nec 
let 
ta 
al 
f 
: 
It 
n 
° 
3 
Ay 


LABELING REQUIREMENTS FOR TOXK 


nclude many inconsistencies with the poison 
lefinition of Section I. Most of the sub- 
think of as serious industrial 
oxic hazards, such as carbon tetrachloride, 
arbon disulfide, and tetrachloroethane, are 


riven poison labels in this section, in spite 


tances We 


f the definition that would rule them out. 
his is fine, however, from our standpoint. 
It means that very few, if any, of the worst 
bndustrial health 


n this manual, 


hazards are underlabeled 


As a matter of fact, a few substances of 
relatively low hazard, such as silver nitrate 
ind formaldehyde, are given poison labels 
in this 


section. According to the best in 


formation | can obtain, less than half the 
labeled Part Il of 
the manual, meet the definition of poison in 
Part I. 


substances “poison” in 


Now we certainly do not quarrel with the 
MCA on their interpretation of the poison 
definition in their own manual. fact, 
though it appears illogical to us, we approve 
of it, in so far at least as the chronic poisons 
ire concerned. We do object, however, to 
that the restrictive 
definition be incorporated in all state and 
In the final 
alysis, the interpretations of such regula 


their insistence same 


local regulations on labeling. 


tions will be made by the courts, and I fear 
we cannot rely on them to be equally liberal. 

If the death within 48 
hours, some uncooperative judge is likely 


definition 
to insist this means within two days, and 


not two weeks; if it says 2 mg. per liter 


for one hour, he is likely to refuse to 
consider experience based on exposure of 
years, months, or even of days. 

Perhaps it is significant that some of the 
states with MCA type regulations have not 
adopted the MCA poison definition. 

The second trend in the MCA manual, 
and the regulations based thereon, 1s to 
place almost the entire emphasis on pure 
mention 


substances, and to 


mixtures, im 
most cases, only in passing. Thus while 
the Surgeon General’s agreement specifi- 
cally included mixtures of five of the six 
substances listed, such mention is made 
only by inference in the MCA manual. 


Elkins 
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In so far as the manual itself is con 


cerned, this 1s logical. Naturally the large 
chemical manufacturers are primarily in 
terested in products produced im tank-car 
quantities, rather than in formulations of 


sold 


But state regulations 


numerous components which 


may be 
in one-pint packages. 
should apply to the products of small com 
panies, as well as the large producers, | 
have no statistics, but would estimate that 
75¢ of the products which require warning 
labels are mixtures. 


Certainly system 


which 1s applicable to only 25 of the cases 
could be criticized as inadequate 


In our Guide we accept the thesis that 


the hazard of 
the mixture in question, where this has been 


the labels should be based on 


determined adequately. We go a step fur 


ther, however, and propose scheme for 


classification of mixtures, containing toxic 


substances, where the hazards of such mix 
tures have not been directly evaluated. This 
follows the MCA system of three degrees 


of hazard. Substances which are 


most haz 
ardous, 1. € 
We 
poisons in mixtures except in 
shall be indicated on the 
Below certain percentages, 

word (WARNING instead of 


may be used. 


poisons, carry flanger signal 


word propose that the presence of 
small 
label. 


milder signal 
DANGER) 


very 
amounts 


similar scheme is proposed for less 


toxic substances which require warning 


signal word. In mixtures containing less 
CAU 
TION may be used, but the presence of the 


than certain designated percentages. 


harmful substance must still be stated. In 


granted if 
other components of the mixture sufficiently 


any case, exceptions may be 
reduce the hazard. This provision of our 
(;uide is overlooked by many of our critics. 

Now | could understand objection to this 
provision that it would require the 
closure of 


dis- 
This ob- 
raised. The 
MCA other 
critics of our Guide argue that each mix- 


secret information 


jection has not been 


representatives of the 


ture must be considered on the basis of its 
own properties, with the peculiar implica- 
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tion that these cannot ordinarily be  pre- 
dicted from its composition. 


Thus Mr. Crass’s letter commenting on 


our Guide contains the following | state 


ments: 


there appears to be a fallacy in your pro- 
posal in that it seems to be based on the theory 
that the mere presence of a hazardous material in 
a mixture, regardless of other ingredients, renders 
the mixture hazardous. Many hazardous com- 
pounds can be made relatively harmless by admix- 


ture with other compounds; and conversely two 


or more relatively harmless compounds, when 


mixed, can produce a hazardous mixture 
We take emphatic issue with the MCA 
We 


reject as unsound the hypothesis that the 


on the implications of this statement. 


hazardous properties of a mixture cannot, 
in the majority ot cases, be predicted from 


those of its 


components, As a rule the 


chemical properties of a compound are 
merely diluted or weakened, but not other- 
wise changed, by sub 


admixture with a 


stance with which it does not react 
chemically. 

We hear much talk of synergistic and 
antagonistic effects, but very few examples 
are given. In January | wrote to four of 


the nation’s leading industrial toxicolo- 


gists,* asking for such examples as would 
be of practical importance. They were able 
to supply me with one example of syner- 
gistic effect and one of antagonistic effect 

neither of much importance in relation to 
Dr. Smyth stated 
that he had tested nearly 300 pairs of sub- 


labeling requirements. 
stances and found measurable synergistic 
effects in 66, and measurable antagonistic 
effects in 3%. His findings will be pub- 
lished shortly. 

Clearly such phenomena, while of signi 
ficance in pharmacology and experimental 
toxicology, are of minor importance to the 
precautionary labeling of industrial chem- 
icals, 

*David W. Fassett, 
Company; Don D. 


M.D., Kodak 
Irish, Ph.D., Dow Chemical 
Henry F. Smyth, Jr., Ph.D., Mellon 


\. Zapp, Jr, Ph.D., duPont de- 


Eastman 


Company ; 
Institute; John 
Nemours & Co. 
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These did Instance 


where formulations decrease or increase th 


authorities quote 
hazard by affecting the probability of ab 
sorption, Thus a liquid solution presents 
greater hazard from skin absorption than 
solid mixture; conversely, a solid powde 
is more likely to be inhaled. The physica 
state of a product is obviously an importan 
factor, and consideration must be given te 
it in precautionary labeling, 

There is nearly always the possibility o 
accidental ingestion, however, and for thi 
that the 
substances in 


reason believe presence of 


highly toxic significant 
amounts should usually be indicated, ever 


although — the 


pre bability of intoxication 


through inhalation or skin absorption is 
slight. 


The 


tered 1s 


situation most frequently encoun 


Where the hazard from a_toxi 
component of a mixture is reduced by dilu 
tion with inert or relatively nontoxic in 
gredients. Let us consider a simple case 
a mixture of petroleum naphtha and ben 
zene, Benzene is highly toxic, although its 
action is slow,: while naphtha has a low 
toxicity rating. And we can have mixtures 
of benzene and naphtha with any benzene 
content, from 99° to traces, 

At what stage do we consider the hazard 
from benzene sufficiently reduced to elimi 
nate the poison label, which is required, 
in all regulations, on pure benzene? When 
can we omit mention of benzene altogether ? 
Most important of all, who is to have the 
authority to answer these two questions and 
others like them 

lor there is no mathematically correct 
answer. 


a 19% 


The difference in hazard between 


benzene content and one of 21% 


would be impossible to measure directly. 


Yet the line must be drawn somewhere 
and in the interests of uniformity someone 
should stand up and propose such a line. 
The MCA having avoided this issue, we 
have tried to meet it. We suggest a 20% 
benzene content as the limit between high 


and low benzene hazard and a 5% benzene 
content as the point below which the pres 


ence of benzene need not be indicated. We 
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further hold that, for labeling purposes, it 
matters not what the diluting solvents are, 
provided they are of low toxicity, and 
whether or not nonvolatile ingredients, such 
as waxes, rubber, plastics, or pigments are 
present, 


We 


similar limits of and 


suggest 
for other potsonous solvents, such as 
carbon tetrachloride, carbon disulfide, and 
tetrachloroethane. lor other poisons, we 
1%, 


provision that some extra toxic substances 


suggest limits of and with the 


should be named even in amounts less than 
le. 


In brief, it is our contention that the 


toxic properties of most mixtures can be 


predicted from their composition; and that 


all ingredients of high toxicity should be 


named even if present in relatively small 
amounts (although not, ordinarily, in 
traces). Substances of moderate toxicity 


need to: be named only when present im 
substantial amounts. 

Whenever we have the unusual situation 
where the toxicity or hazard cannot thus 
be predicted, exceptions can be made. But 
if the change is toward a low toxicity, per 
mitting a milder warning label, satisfactory 
evidence must be presented before granting 
this exception. 

Phe MCA viewpoint, as | understand it, 
is that the manufacturer will decide what 
warning label, if any, is required on his 
own product, If his product is a pure sub 
stance, he will presumably follow the MCA 
manual, If it is a mixture, he will find 
little to help him in the manual and must 
rely on advisers and his own judgment. 
ven if he is an expert on industrial toxi 
cology, or has access to such experts (as 
do the large chemical manufacturers) and 
is completely devoid of selfish interest, he 
the 


proper warning label. And there are manu 


may have difficulty in determining 


facturers who are not devoid of selfish in 
terests, and others who secure bad scientific 
advice. 


lor example, a patent was issued in 


1941, for a lacquer containing benzene and 


toluene, with the claim that the toluene 
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neutralized, in large measure, the 


action of the benzene.' The specific intent 
of the patent appeared to be to avoid labeling 
of the product according to the Surgeon 


Would a 
an MCA type regulation be justified in re 


General's agreement. state with 


quiring a poison label on such a product ? 
Could it enforce such a requirement, if it 
came to a showdown, without experimental 
that the claims without 


evidence were 


foundation 
ACGIH 


tem were in use, the evidence presented 


Qn the other hand, 1f the SVs 
would have to be adequate to convince the 
state regulatory body 

words, the burden of 
the 


producer, in the other 


In other proof 1s 


on the state, in one case, and on the 


In this particular 


case, the Public Health Service did produce 


evidence that the chronic toxicity of ben 


zene was unatiected by the presence of 


toluene, but it took three vears to do it.* 


It may be argued that what happened mn 
1941 is ancient history, of little interest 
today. Perhaps this is so. On the other 


hand, it may be that human nature has not 
changed radically in the past 17 years.. In 
any event, regulations embodying the MCA 
philosophy on mixtures are an open invi 
tation to claims such as thts. 


Actually, how do they decide how to 


label mixtures in states having MCA type 


regulations? In December I wrote to the 


appropriate agencies five states, 


inquiring particularly how they would re 
quire mixtures containing benzene to be 


labeled. 


three indicated that they did have policies 


Of the four states which replied, 


for mixtures, based on the content of toxic 
ingredients. This fact is as important, in 
my opinion, as the further fact that their 
requirements all differed in certain respects 

so that a label satisfactory in one state 
might be unacceptable in another. 

The fourth state apparently has no policy 
on mixtures, i 
the 
once in its own definition, 


beyond its regulations, in 


which word “mixture” appears twice. 


and once in the 


definition of “poison.” 
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Both the regulatory bodies in such states, 
and the manufacturers that do 
therein, would benefit by standards to be 


business 


used in evaluating mixtures for labeling 
ACGIH 


standards have been proposed. 


purposes. the guide, such 
Undoubt 
edly some will be found to be in error and 
will have to be changed. We make no claim 
to infallibility, and welcome constructive 
suggestions. But certainly they do pro- 


vide a basis for uniform labeling  pro- 
cedures which is entirely lacking in present 
regulations. 

There still is a vast area of uncertainty. 
Substances so toxic that they present a 
hazard in amounts less than’ 1% ; new com- 
pounds of uncertain chronic toxicity, and 
sensitizing agents—the requirements for 
labeling these are still vague and uncertain. 
In these areas ehforcement will be difficult, 
and the discretion of the manufacturer will 
The 
substances will be essentially the same as 


that of MCA 
regulations, 


be paramount. situation with these 


mixtures under the 


Let me clear up one apparent misconcep- 
tion. We are not trying to take over in the 
labeling field. We appreciate the tremen- 
dous job the MCA has done in the promo- 
tion of adequate precautionary labeling. 
The Guide which we have prepared adheres 
closely to the labeling principles of the 
MCA We 


those principles only when we felt it neces- 


manual. have deviated from 
sary to protect the interests of industrial 
workers or to make regulations more work- 


able. 
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system. 
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The most important deviations are the 
following: 


1. Change in definition of “poison” to include 


slow-acting substances and to ehminate incon 


sistencies between definition and specific recom 
mendations 


2. Specification of requirements for labeling of 


mixtures containing toxic substances, based on 


composition of mixture when other data are lack 
ing. 

3. Placing of authority to determine adequacy 
of labeling in the government agency, rather than 


leaving it 


to the individual manufacturer or em 


ployer 

In conclusion, | wish to say that | have 
enjoyed my contacts with members of the 
LAPI Committee of the MCA, as have, | 
am sure, the other members of our com 
mittee who have been privileged to work 
We benefited 
ments and are making several modifications 
We trust 
modify 


with them. trom their com 
in our Guide as a result of them. 
that their 


opinion of our efforts in the labeling field 


they will eventually 


to the extent of either accepting some of 


our suggestions, or else providing better 


ideas of their own in those areas where 


there is disagreement, 


286 Congress St. (10) 
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A Method for Reporting Toxicological Information 


CHARLES E. LEWIS, M.D., Cincinnati 


A eritical survey of the toxicological liter 
ature on a single substance would in most 
instances be sufficient to cause the embryonic 
toxicologist to reexamine his plans for the 
future, 

The number of independent variables in 
a single test of toxicity that defy correla 
tion. include the route of administration, 
solvent used (if any) and its pH, animal 
species used, the particular strain of the 
species, time intervals, and the agent itself. 
The the 
which is frequently recorded, is a rather 


dependent — variable, response, 


gross one—the death of the animal. 
The value of acute “macrotoxicity” stud 


les is limited; a study of sublethal or 
chromic “microtoxicity” may be more diff 
cult, but is usually of more interest. While 
the former may roughly define the degree 
of comparative toxicity of an agent, the 
latter approach yields information as_ to 
possible mechanisms of action, treatment, 
and protective measures necessary. 

rom the recording of quantal data to 
the calculation and publication of a “toxic” 
dose expressed as the minimum lethal dose 
(M. L. D.), the lethal dose (L. 


the lethal dose for 50% 


D. ), or 
of the animals in 
a specific study (L.. D.s50) there are many 
pitfalls. The fact that these dosage levels, 


expressed in terms of one another, except 


and L. D.s50, cannot be 


in the contines of a single experiment, is 
no small disadvantage.! 
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Another and less apparent source of con 
fusion in the problem of what to measure, 
and how to do it, in toxicological studies, 
is the actual unit of measure applied to 
the agent under investigation. 

Suggested mechanisms of the toxic ac 
tions of metallic ions include the alteration 
of colloid systems, dispersion or precipita 
tion, and changes enzyme activity 
the 


disturbance of en 


through direct combination of metal 


with active groups or 
zyme-coenzyme-substrate relationships. In 
each instance this involves the formation of 


bond. A 


three 


some type of chemical trivalent 


ion which “needs” or accepts elec 
trons can possibly tie up three active groups 
or neutralize three charged groups on a 
protein molecule. It would seem reasonable 
to consider this in comparing the relative 
toxicity of various metallic ions, 

Only fairly recently in clinical medicine 
has the use of milligrams per cent been re- 
placed by milliequivalents per liter in’ the 
discussion and study of fluid and electro 
The 


pure weight basis of 


lyte metabolism. conversion from a 
measurement to a 
system which considers the relative weights 
of different atoms, and their chemical com- 
bining power, or valence, gives a rational 
basis for the study of electrolyte problems. 
To make a conversion from milligrams per 
kilogram of XY to milliequivalents of X 
ions per kilogram one first derives the ac 
tual weight in milligrams of the metallic 
ions administered. By dividing the equiva- 
lent weight of the element into the number 
of milligrams of the element present per 
kilogram, the number of milliequivalents of 
X per kilogram is obtained. The equivalent 
weight of an element is its atomic weight 
divided by the valence of the ion in ques- 
tion, 
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mg of metal Chloride per Kg 


mEq of ion/Kg 


Comparison ot the order of 


To demonstrate any change in the com 


parative toxicity of 30 metals which might 
occur purely as a result of a change in the 
units of measurement utilized, the L. D.’s 
of 30 metal chlorides were compared both 
as milligrams of metal chloride per kilo 
gram and as milliequivalents of metallic ion 
per kilogram. The compiled data in the 


| landbook 


for these 


Toxicology” * were used 


a source lethal doses. In the re 


these metals 
salt, 


These 


ports used all of 
the 
ously 


were given 


as chloride in subcutane 


Water, 


to then 


rats. metals were 
ranked in order of their increasing toxicity 
both on the basis of milligrams per  kilo- 
gram and on that of milliequivalents per 
The 
because of their general solubility in water. 

The log L. D. 


dose chlorides 


kilogram, chloride salts were selected 


of the 
metallic 


Figure is a scale 
ot 
comparing their relative toxicity when re 
ported 


these various 


in the usual manner (milligrams 


per kilogram) and when the conversion to 
milliequivalents per kilogram is accom 
plished, 

Other than the changes in relative posi 
of 


phenomenon, 


another 
While 
the milligram per kilogram scale shows a 
fairly 


tions several ions on the scale, 


or accident, is evident. 


regular distribution, without cluster 


ing, the milliequivalent per kilogram scale 
shows a distinct tendency toward grouping, 
especially of the more “toxic”? metal ions. 
On the 
form groups. 


of 


this scale metallic ions seem to 


four The most toxic group 


mercury, indium, thallium, arsenic, and 
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toxicity of metallic ions 


gold 


next 


about five times the 


of 


is as toxic 


as 


group cadmium, vanadium, and 


barium. 


This second group is three to four 


times as toxic as the third group ot 
metallic ions, iron, cerium, copper, and 
manganese. These ions are in turn 10 to 
12 times more toxic than the large groups 


of cations following it. 

Although 
rated, distribution within each group is in 
No attempt will be made 
the 
comparison of pooled data except to indi 


the 


are 


groups widely sepa 


a narrow range. 


to defend or discuss limitations of a 


1).’s used 
the 


cate that large variations in the 1. 
20% to 30% 


results on the 


up to would not change 


relative scale of 


milliequiva 


lents per kilogram. 
~ 


The spaces between these groups of ions 
of 
milhequivalent per kilogram basis might be 
filled 


This would tend to eliminate grouping and 


showing similar levels 


On oa 


toxicity 


in with other ions not reported here. 


produce a more continuous distribution. 


Further 
of 


lacking. 


information on subcutaneous tox 


chlorides for 1s 
the 


given 


icity other metal rats 


However, when acetates of 


lead and lanthanum 
to the 
milliequivalent 


are 


intraperito 
fall of D.’s 
kilogram the 


neally rats, resultant 


per into 


rather 
The 


between 


four previously described 
than the 


sistence 


groups, 


intervals between them. 
of the 


these four dosage levels or groups after 31 


per 


distinct intervals 


metals have been would lend 


compared 


some support to the reality of 
ing. Only 


this group 


be 


four metals known to more 
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han slightly toxic are not included on 


hese scales. They are beryllium, lead, anti 
nony, and bismuth, 
That. this 


subcutaneous toxicity 


distribution is real, that 


values in for 


the 


rats 
ther cations, given as chloride salt, 
will fall into these four clusters is an inter 
sting possibility. What this grouping might 
lean with regard to a common mechanism 
Mf action or other similar in vivo properties 
4 the ions constituting one of the groups, 
When given under the prescribed exper 
nental conditions, can only lead to danger 
us speculations all ending with, “if true.” 
The order described here does 


the 


not con 


form closely to either Hofmeister, 


lectromotive Force, or lectronegativity 


series of elements.” It also fails to coincide 
with toxicity series of cations derived from 
the effects of metallic ions on molds or 
enzyme systems.* 

While the previous illustration involved 
Inorganic ions, it is logical to extend this 


An L. 


ir the concentration of an organic chemical 


concept to organic substances. 


producing inhibitién of a biochemical reac 
tion should be measured and expressed in 
the molecules of the 
the 


millimoles, or 


terms of number of 
obsery ed 


the 


agent required to produce 


effect, that 1s in milli 
grams of the substance producing the effect 


divided by its molecular weight, 


Toxicology, as other scientific disciplines, 
change the 
have 
to the more. statistically 
More 


variables has been obtained 


has unde rgone continuous 


past several years. L 


given way 


valid L.. 


control of the many experimental 


The toxicolo 


gist now concerns himself with the cause 


and-effect relationships due to molecular 


interaction, The reporting of toxicity dati 


in terms of milliequivalents or muillimoles 


would seem to be an imevitable sequel to the 


acceptance of a molecular basis of toxicol 


Clinical medicine resisted such a 


Og\ 


change for many vears, but time changes 


all things, hopefully for the best 


Medi 
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Nasal Sampling of Aerosols in Experimental Animals 


GABRIELLE ASSET, M.A., Army Chemical Center, Md. 


Introduction 


Occupational poisonings are — studied 
mainly by means of animal experiments. 
In inhalation experiments, animals can be 
placed in a dynamic chamber or in a wind 
tunnel, and the aerosol is conveyed to them 
by an air stream. In order to evaluate data 
obtained from exposure to an aerosol car- 
ried by an air stream, it is necessary to 
know the concentration of the aerosol that 
actually enters the nostrils of the breathing 
animal. According to aerodynamic consid- 
erations, the.concentration of the aerosol 
entering the nostrils is not necessarily the 
same as that in the air stream in the cham- 
ber or the tunnel. The ratio of the two 
concentrations depends on a number of 
factors or parameters: (1) shape and ori- 
of the animal’s head, (2) the 
Reynolds number of the flow with respect 
to the size of the animal's head, (3) the 
inertial parameter of the aerosol, (4) the 
ratio of velocity of air flowing into the nos- 
tril to that of the free air stream. 


entation 


These parameters may be expressed more 
concretely in terms of properties of the 
flow, of the animal, and of the particulates. 
Table 1 shows the properties of each which 
may affect the concentration of the aerosol 
entering the nostrils. It would be expected 
that all the small, slow, and light particles 
in a given volume of air enter the nostrils, 
whereas only a few large, fast, and heavy 
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TABLE 1.—Factors Affecting Concentrations of 


Aerosol Entering Nostrils 


Flow Animal Aeroso! 


Velocity Shape Size 
Density 
Shape 


Velocity 


Size 


Breathing pattern 


particles would be diverted from their orig 
inal paths and enter the nostrils. 


Nasal Sampling 


My co-workers and ['? have reported 
work in which it was necessary to do sub 
ordinate studies to determine the ratio of 
the concentration of the influent aerosol (or 
the aerosol entering the nostrils) to that 
of the affluent aerosol (or the aerosol in the 
stream flowing the The 
method is described here only briefly. Two 


toward head ). 
special samplers were made, one the same 
size and shape as the head of an adult 
guinea pig (500 gm.) and another the same 
size and shape as the head of an adult fox 
terrier. Great care was taken to reproduce 
the size and shape of the nares. Theorett- 
cally, if the flow pattern around the sampler 
is the same as in the case of a living, breath- 
ing dog, and the other parameters are the 
same, then the same aerosol concentration 
should enter the orifice of the special sam- 
pler as it enters the nostrils of the living 
animal. For actual measurements, triphenyl 
phosphate aerosol was disseminated contin- 
uously into a horizontal wind tunnel in 
which the air-stream velocity was adjusted 
to 2.5 mph and to 10 mph, respectively. 
Two simultaneous samples of the aerosol 
were taken, one by an isokinetically oper- 
ated sampler and the other by the special 
animal head sampler which faced upstream. 
The aerosol was drawn into the animal head 


G 
D 
D 
| 
| | 
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2—~Ratio of Concentrations Influent 
to Affluent Aerosol 


Wind 
Velocity, 
Mph 


No. of 
Deter- 
minations CJC, 


Particle 
Species Size, w 
Guinea pig od 4 10 
Dog 6 4 
Dog 7.6 6 


1.00-+0.06 
0.80+0.08 
0.634-0.04 


= Influent aerosol 
= Affluent aerosol 


aerosol flowing into nostrils. 
aerosol flowing toward animal 
Tripheny! phosphate droplets: Sp. gr. = 1.2 


sampler at a constant volume flow rate 


which insured, at the nostrils, the same 


average velocity that is obtained during one 
The shown in 


inspiration. results 


Table 2. 


The results show that the influent aerosol 


are 


flowing into the animal’s nostrils in general 
differed from the affluent aerosol flowing 
toward them. In dogs, the concentration of 
the 7.6% aerosol flowing into the nostrils 
80% of that of 


carried by an air stream of 2.5 mph, and 


was the affluent aerosol 
63% of that carried by an air stream of 10 
mph. In guinea pigs exposed to aerosols 
consisting of particles of 1.34 wind-borne 
at the rate of 2.5 mph, the concentration 
of the influent aerosol was the same as that 


of the affluent aerosol. 


Review of Other Work 


K. R. May described in an unpublished 
report an independent study of the particle 
intake of the guinea pig, 1. e., the ratio of 
the concentration of the influent aerosol 
entering the nostrils to that of the affluent 
aerosol in the free stream. May termed 
this ratio percentage “particle intake,” and 
this term will be retained in the discussion 
that follows. The general method was the 
same as ours, but the experimental condi- 
tions were different. A special sampler was 
machined like a guinea pig’s head in size 
and shape. For actual runs, several homo- 
geneous aerosols, each consisting of parti- 
cles of uniform size, were disseminated into 
a 4', in. I. D. vertical wind tunnel. Aerosols 
of dry blue dye spherical particles in some 


Asset 


cases and dyed dibutylphthalate in others 
were generated at particle sizes of 7p, 10p, 
and 
the tunnel were adjusted to 1.2 mph and 
3.0 mph. 


sampler was inserted into the wind tunnel 


The wind speeds of 
For determinations, the special 


through a side port so that the particles 
were brought to the nares by horizontal or 
The 


through the nares of 


vertical cross winds. aerosol was 


drawn the special 
sampler by a pulsating flow and _ collected 
on a filter of low resistance immediately 
behind the nares inside the sampler. Care 
was taken to make the pulsating flow sim- 
ilar to the flow caused by the breathing of 
a guinea pig, with a tidal volume of 3.13 ml. 
at the rate of 90 respirations per minute. 
Simultaneously, isokinetic samplings were 
made of the aerosol concentration in the 
free stream of the tunnel by a sampler with 
a circular knife edge orifice. Another ex- 


periment was done to find the particle 
intake by the guinea pig from an air flow 
free from wall effects by exposing the 
special sampler head on into an open jet 
type of wind tunnel. Experimental results 


are shown in Table 3. 


Table 3 shows that, in general, the par- 


ticle intake by the nose of a_ breathing 
guinea pig decreased with particle size and 
with wind velocity. For example, at cross- 
wind velocities of 1.2 mph the intake of 7p 
particles was 99°, and that of 20p particles 
93%. 


However, in a 3 mph cross wind 
the particle intake of 7 particles was 39%, 
and of 20 particles nearly zero. The re- 
sults in the case of head-on velocities in an 
open tunnel jet indicated not only the same 
general results as ours, but, in addition, 
brought out the existence of intake effi- 
ciencies greater than 100%. A statistically 
significant mean of 121% +3.7 was obtained 
from three independent determinations for 
a particle size of 10u at 3 mph. 
pected that particle intakes greater than 


It is ex- 


100% would occur under some conditions, 
in view of the complexities of the geometry 
of the nares and of the anisokinetic sam- 
pling done by the animal during the breath- 
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> Particle Intake of the Guinea Pig: Ratio of Influent to A fluent 
Aerosol Concentrations 


In Tunnel, Smooth Flow Vertically Down Across Nose 


Particle Size 


Wind Velocity, Mean, C./C,, 
and Nature, J 


Mph ‘ 


7 dry CSB t 
10 dry CSB 
20 dry CSB 


Particle Size Wind Velocity, 


Mph 


Mean C,/C, 
and Nature, 


12 dry CSB 
15 dry CSB 
20 dry CSB 


In Open Jet, 3 Mph 


Particle Size 
and Nature, u Wind Direction: Mean 
5dry CSB 
10 dry CSB 
20 wet DBP ¢ 


Head on 
Head on 
Head on 


kK. R. May, unpublished report 
CSB= chlorazol sky blue dye. 
DBP= dibutylphthalate 


ing cycle. It has been pointed out by May 4 
that if the intake velocity is less than the 
ambient velocity, it may be reasonable to 
assume an optimum particle size that pro 
duces a maximum particle intake. Smaller 
particles would not be impacted (but would 
tend to the 
Larger particles, on the other hand, 


follow the air flow around 
head ). 
would impact on the outer surfaces around 
the nares. 

In both May's experiment and in ours 
there was, in general, a decrease of intake 
with increasing particle size and increasing 
wind velocity. The conditions of the for 


mer experiment were extensive enough to 


bring out two indications: There may exist 


for each wind velocity (1) an optimum 
particle size for which the particle intake 
is a maximum; (2) a maximum particle 
size above which wind-borne particles are 
not drawn into the nostrils by the breathing 


animal. 


Summary 
Two independent experiments are de- 
scribed of nasal sampling, or particle intake, 
in the guinea pig and the dog. Special sam 
plers were made the 


the 


same size and shape 


is the heads of species under study. 
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Particle Size 

ind Nature, Wind Direction 
5dry CSB 
10 dry CSB 
20 wet DBP 


Horizontally 


LCTOSS 


In one of the experiments, the aerosol was 
drawn from a moving air stream into the 
special sampler by means of a steady air 
flow through the sampler, the velocity of 
which was adjusted to be the average of the 
flow into the nostril for one inspiration; in 
the other experiment, by means of a fluctu 
ating flow simulating the breathing pattern. 
Although the two experiments were done 
under different conditions, the results were 
in general agreement. The ratio of the con 
centration of the influent aerosol to the 
iffluent aerosol, or the efficiency of particle 
intake, decreased with increasing particle 
size and decreased with increasing wind 
velocity. The more extensive experiments 
brought out further trends: the existence 
of an optimum particle size for which the 
particle intake is over 10067, and the exist 
ence of a maximum particle size above 
which no particles are drawn into the nose 
during the breathing cycle. 

kK. R 


gave me permission to use the results of his work 


May discussed this subject with me and 


on nasal sampling in the guinea pig. The American 


Industrial Hygiene Association released its rights 


to the publication of the present paper 
Colloid 


vision 


Branch, Physicochemical Research Di 


* TABLE 3 The 
4 
: 1.20 a9 3 39 
1.26 a4 3 
93 3 0 
¥ 
. 
Mean C,/C,, 
C/Ca, % 
vi 
121 > 72 
MS 71 0.28 
+ 
+ 
4 
4 
= 
= 
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Studies on the Acute and Subacute Toxicity of 
Bis(2-Ethylhexyl) Hydrogen Phosphite 


MILTON H. JOFFE, Ph.D.; LOUIS E. GONGWER, M.S., and CHARLES L. PUNTE, B.S., Army Chemical 


Center, Md. 


I. Introduction 


The alkyl phosphites are an interesting 
and versatile group of compounds that have 
proved useful in a variety of applications. 
As additives to lubricating oils they are effi- 
cient corrosion inhibitors, 


stabilizers, and 


antioxidants. 

The use of one of this group, bis( 2-ethyl- 
hexyl) hydrogen phosphite, by the Armed 
Forces has necessitated an evaluation of its 
toxicity. A colorless, very faintly odorous 
liquid, it is insoluble in water, noninflam- 
mable, has a low vapor pressure, and boils 
at 163C/3 mm. Hg. 


II. Methods 


A. Acute Toxicity Studies 
1. Intragastric Administration: A calculated 
amount of bis(2-ethylhexyl) hydrogen phosphite, 
based on body weight, was introduced into the 
stomach of each of a series of albino rabbits from 
a hypodermic syringe by means of a rubber catheter 
passed through the esophagus. To make certain 
that the entire dose entered the stomach, the tube 
was flushed with 4 ml. of water. The animals were 
observed for 14 days for pharmacologic effects and 
evidence of toxicity. 

2. Intraperitoneal Administration: Groups of fe- 
male mice (20 to 30 gm.), female rats (150 to 200 
gm.), and female guinea pigs (250 to 300 gm.) 
were given single intraperitoneal injections of this 
phosphite. After the injections, the animals were 
observed for a 14-day period for pharmacologic 
effects and evidence of toxicity. Necropsy was 
performed on those that died, and the LDs values 
and their confidence limits were calculated accord- 
ing to the method of Litchfield and Wilcoxon.’ 
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3. Intravenous Administration: Groups of rabbits 
(approximately 2 kg. in weight) were given single 
intravenous After the injection the 
animals were observed for pharmacologic effects, 
evidence of toxicity, and the LDw value was cal- 
culated blood = cell 
activity in rabbits given 0.02 ml/kg 


injections 


Assay of red cholinesterase 
intravenously 
was done by the Michel electrometric method,’ as 
modified for this purpose. 

4. Cutaneous Administration: Three sets of ex 
periments were done, using the percutaneous route 
of administration. 

(a) Single doses of 1, 2, or 4 ml/kg. were ap 
plied to the backs of rabbits whose hair had been 
clipped the previous day. The animals were re- 
strained in a prone position on boards (a procedure 
proved to have no effect on mortality) and the 
material applied at various dose levels on bare 
skin. 


ing boards about six hours later and replaced in 


The rabbits were removed from the restrain- 


cages for observation. No attempt was made to 


remove compound 
backs. 

(b) To a second group of clipped rabbits, doses 
of 0.5 or 0.75 ml/kg. were applied over a period 
of several days. 


the liquid from the rabbits’ 


(c) A third group of animals were clothed with 
one layer of twill material to which the phosphite 
was applied in doses twice that used on the un- 
clothed animals. 


5. Ocular Administration: Doses of 0.025 to 
0.100 ml. of bis(2-ethylhexyl) hydrogen phosphite 
were placed in the left eye of a number of rabbits, 
while the right eye of served as a 


each animal 


control. 

6. Mist Exposures: Groups of rats and guinea 
pigs were exposed to high mist concentrations of 
the phosphite in a 200-liter dynamic exposure 
chamber, varying in exposure time from 30 to 240 
minutes. The mist was generated by passing dry 
nitrogen (1 to 2 liters/minute) 
pirator described by Laskin.* 
sampled by 


through an as- 
Atmospheres were 
drawing chamber air through two 
pieces of Knowlton filter paper, Grade 100. The 
bis(2-ethylhexyl) hydrogen phosphite collected on 
the filter paper was analyzed by the method of Sass 
and Cassidy.* 


t 
‘ 
: 
i 
. 


Toxicity Studies 
Feeding : 


Cumulative 
1. Seventy-Day A feeding experiment 
was undertaken to determine the possible cumula 
tive toxic effect of the phosphite. Female guinea 
pigs, averaging about 250 gm., were allowed to feed 
ad libitum for 70 days on a diet containing 1% 
bis(2-ethylhexyl) hydrogen phosphite. 

The guinea pigs were observed daily for signs 
of toxicity; body weight was recorded weekly 
Some animals were killed each two weeks for his- 
topathologic study 

2. Repeated Cutaneous Administration: A’ series 
of experiments was made with rabbits, using a dose 
interpolated from an arbitrary figure of 5 ml/man 
(70 ke 


mately 


This dose, which amounted to approxt 
0.07 ml/kg., 
backs of groups of 10 animals, either on the same 


was applied to the clipped 
spot each day for 18 days or on a different spot 
for 18 days 


as contre ils, 


Ten animals were untreated to serve 
3. Saturated Vapor Exposure: A group of 10 


female guinea pigs were exposed in a dynamic 
chamber to air saturated with  bis(2-ethylhexyl) 
hydrogen phosphite vapor for six hours a day, five 
days a week, for 10 weeks. Saturation of the air 
was achieved by bubbling the air through the com- 
pound with a fritted-glass bubbler apparatus. Two 
animals were killed every other week for histologic 


study 


Plus Mist 


repeated exposures to a mist of approximately 10 


4. Saturated Vapor Exposure: In 


mg/m*. of the phosphite (see IIL B 4) 20 guinea 
pigs were exposed six hours a day, five days a week 
for 10 


toxic signs and death 


weeks and observed for development of 
An equal number of animals 
was used as controls. Additional guinea pigs were 
exposed for serial killing, four every second week, 
for investigation of pathologic changes. Controls 
were held for autopsy and comparison with exposed 


rodents 


III. Results 


A. Acute Studies 

1. Intragastric Administration: Doses of 
bis(2-ethylhexyl) hydrogen phosphite rang- 

Taste 1.—Intraperitoneal Toxicity of Bis(2- 


Ethylhexyl) Hydrogen Phosphite in Mice, 
Rats, and Guinea Pigs 


Mortality Fraction 


Dose 
Mi/Kg Mice Rats Guinea Pigs 

0.25 0/16 OR 1/10 
0.50 3/15 0/8 3/8 
0.75 3/12 1/8 4/8 
1.00 7/8 2/8 6/8 
1.50 8/8 4/8 7/8 
2.00 8/8 5/8 
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ing from 1 ml/kg. to 4 ml/kg. failed to kill 
rabbits during a 14-day observation period. 
Gross and microscopic examination of lungs, 
stomach, heart, spleen, liver, kidney, in 


testine, and trachea revealed no significant 


findings. 
Intraperitgneal Administration: The 


intraperitoneal toxicity data in mice, rats, 
and guinea pigs are recorded in Table 1. 
The respective LDs59 and 19/20 confidence 
limits over a 14-day observation period are 
0.62 (0.49 to 0.78) ml/kg. for mice; 1.50 
(1.07 to 2.10) ml/kg. for rats, and 0.70 
(0.48 to 1.02) ml/kg. for guinea pigs. 

At doses of 0.50 ml/kg. and above, mice 
and rats exhibited a period (5 to 10 min.) 
of convulsive activity within a few minutes 
after administration. Subsequent to this, 
the survivors remained subdued and did not 
return to a normal state 


active for ap 


proximately a week. Autopsy revealed 
some fibrous tissue formation and necrosis 
of areas in the mesentery with adherence 
to abdominal viscera. 

3. Intravenous Administration: The in 
travenous toxicity data in rabbits are re- 
corded in Table 2. The LDso (and range) 
was calculated to be 0.10 (0.089 to 0.12) 
ml/kg. for a 24-hour observation period. 
These animals died of severe lung hemor- 
rhage and edema. Blood and fluid poured 
copiously from the nostrils just previous to 
and after death. 

Assays of red blood cell cholinesterase 
activity in rabbits and dogs given 0.020 
ml/kg. intravenously failed to show any in- 
hibition of this enzyme system, the values 
determined at 18 hours after injection being 
95°, 104%, 1226, and 105% of. initial 


assay for rabbits, and 101 and 90% for 


Taste 2.—Intravenous Toxicity of Bis(2-Ethyl- 
hexyl) Hydrogen Phosphite in Albino Rabbits 


Dose Mortality Fraction 


0.05 1/8 
0.10 11/15 
0.126 3/8 
0.15 6/9 
0.25 8/8 


| 


A 


Tanie 3.—Towxicity of Bis(2-Ethylhexyl) Hydrogen 
Phosphite to Clipped Bare Rabbit Skin 


Dose Days Mortality Days to 
M1/Kg. Applied Fraction Death 
0.5 1 o4 No death at 
0 10 days 
0.5 3 0/4 Killed, 3d day 
0.75 3 1/3 3 
1.00 1 a4 5 
2.00 1 44 2 
3.00 1 4/4 2 


dogs. At no time were convulsions, tremors, 
miosis, or mydriasis, vocalization, or other 
evidence of discomfort or pain seen. 

4. Cutaneous Administration; The results 
of cutaneous administration are recorded in 
Table 3. Three consecutive doses of 0.5 
ml/kg. a day and 0.75 ml/kg. a day resulted 
in mortality fractions of 0/3 and 1/3, re 
spectively. A single dose of 1 ml/kg. pro 
duced a 75 mortality in five days and 2 
ml/kg. killed all animals within two days. 

The protective effect of one laver of a 
twill material was about fourfold; a 50C¢ 
mortality in five days was achieved with a 
dose of 4 ml kg. applied to the cloth cover 
ing the clipped skin of the back. More rapid 
and increased percentage of kills resulted 
from 8&8 ml/kg. on twill (Table 4). 

5. Ocular Administration: Within a few 
minutes after administration of the phos 
phite in doses from 0.025 to 0.100 ml. into 
one eye each of six rabbits, moderate con 
junctivitis was evident. However, this con 
junctivitis disappeared within a few days. 

Rabbits examined seven days after the 
dose showed a normal cornea, but the under 
surface of the eyelid showed sloughing of 
necrotic tissues and polymorphonuclear in 


filtration of the dermis. No abnormalities 


Taste 4—Skin Covered With One Layer 
Twill Cloth 


Dose Days Mortality Days to 
MI/Kg Applied Fraction Death 

20 1 0/4 

40) 1 2/4 

0 t 3/4 2 


A. ARCHIVES 


OF INDI 


STRIAI 


HEALTH 


were evident when examination was made 
at 14 days. 

6. Mist exposures : (a) Kats. A series of 
rats in groups of 10 each were exposed to 
high mist concentrations of bis(2-ethyl 
hexyl) hydrogen phosphite, varying in ex 
posure time from 30 to 240 minutes. Within 
10 minutes after the start of the exposures 
signs of respiratory distress and gasping 
appeared in most of the animals. These 
signs usually persisted for several hours 
after removal from the bis( 2-ethylhexyl) 
hydrogen phosphite atmosphere. There were 
no deaths or signs of intoxication in the 


rats seven days after exposure. After two 


Taste 5.—Acute Inhalation Toxicity of Bis(2 
k:thylhexvl) Hydrogen Phosphite to Rats: 
(Seven-Day Observation) 


Ist Exposure Reexposure After 7 days 


Xposure 
Time Con Cor 
Min Me/Kg Mortality Mig /M.? Mortality 
30 178 o/10* 420 os 
30 220 0/10 5, 
o/10 $5 OS 
542 $27 Os 
240 324 0/10 
* Two animals removed from each group for histopathological 


studies before reexposure 


from each group were removed for histo 
pathological studies, the animals were re 
exposed and showed the same signs as they 
did during the first exposure. 

The data, including exposure times and 
atmospheric concentrations, are shown in 


Table 5. 

Histopathological studies showed no sig 
nificant lesions. 

(b) Guinea Pigs. Guinea pigs were ex 
posed to high mist concentrations in the 
same manner as the rats. Signs of respira 
tory distress and gasping were evident 
within a few minutes after the start of the 
exposure. Those animals that died did so 
within several hours after the exposure. 

At the end of a seven-day observation the 
surviving animals were reexposed after two 
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6.—A cute Inhalation Toxicity of Bis(2 
E:thylhexyl) Elydrogen Phosphite to Guinea 
Pigs: (Seven-Day Observation) 


Ist Exposure Reexposure After 7 days 
Exposure 
Con 


Mortality Mg M 


Cone 
Mg/M 


Time 
Min Mortality 
127 0/10 * 

208 O10 

loo 

ol 

116 44 

146, 44 

It 14 


* Two animals removed from each group.for histopathological 


tudies before reexposure 


from each group were removed for histo 
pathological studies The toxicity data, in 
cluding the exposure time, and atmospheric 
Table 6. 

(MMD) of 


having a 


concentrations are shown in 
The 


the mist particles was about 3p, 


mass median diameter 
range of Im to Sy. 
Examination revealed a pronounced de 
gree of necrosis of the bronchial epithelium 
with acute inflammation in the submucosa 
Phe whole respiratory apparatus was react 
ing to an acute insult by showing edema in 
the alveolar spaces and respiratory tree, 
atelectasis alternating patchily with emphy 
sema, and sloughing of necrotic membranes. 


Phe 


fashion, with scattered areas of degenera 


stomach seemed affected similar 
tion and necrosis of the mucosa. 

B. Cumulative Toxicity Studies 

1. Seventy-Day Feeding: Throughout the 
experimental period, the guinea pigs ap 
peared to be eating satisfactorily: no «dif 
ference in the amount of food eaten or gain 
in body weight was apparent between the 
control group of animals and those eating 
a diet containing 1 bis(2-ethylhexyl) hy 
drogen phosphite. 

No significant changes were detected dur 
ing gross microscopic — pathological 
analysis. 

2. Repeated Cutaneous Administration: 
No deaths resulted from 18 days’ applica- 
the 


No 


tion of 0.071 ml/kg. per day to either 


same area or a different area each day. 
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significant difference of gain wdy weight 


Was apparent between contre ind expert 


mental groups. 

The gross appearance and pathology are 
in the comment to follow, 
Vapor 
pigs exposed for 10 weeks to concentrations 
of 10 


showed no clinical signs of 


considered 


3. Saturated exposure: Guinea 


mg/m*. of vapors of the phosphite 


No pathology was detected 


grossly ot 
microscopically in the vapor exposures, nor 


Was any significant weight change found 


among experimental and control groups 


None of the exposed amimmals died during 
the 10-week exposure period 

Vapor Mist 
Guinea pigs exposed for 10 


bis ( 2 ethy Ihe xvi 


Saturated 


sures: weeks 


to 10 mg/m* hydrogen 


phosphite mist) showed no bevond 


signs 


slight gasping and some imerease in respira 


tion rate. These signs appeared within the 


frst hour of the first exposure cach week 


and became less apparent with each eXpo 


sure. There was no. significant weight 


change in the exposed animals as compared 
with controls 
Pwo of the exposed and none of the 
control guinea pigs died during the 10-week 
period, 
Pathological examination revealed — find 
ings similar to those reported 


Mist 


much less severe, and the changes were not 


under 615), 
I:xposures, but were quantitatively 
incompatible with life. 

C. Clinical Course of Intoxication 

The data show that cutaneous exposures 
are almost the equivalent of intraperitoneal 
injections and only separated from the in 
travenous toxicity by an astonishingly low 


1 to 10 ratio. In repetitive doses as little 


as of the intravenous was capa 


ble of producing grossly observable damage 
to the skin. Since no pathognomonic signs 
seem to be elicited by the compound, it is 
felt that a description of the clinical course 
of intoxication and appearance of the skin 
is warranted. 

* Average concentration of 
with a standard deviation oi 


concentration was in addition 


We 
| 
| 
| 
| 
| 
| 
i 
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Rabbits exposed cutaneously to lethal 


doses showed a posterior paralysis between 
6 and 48 hours after exposure. This was 
followed shortly by prostration, lack of 
desire for food or water, and death usually 
24 to 48 hours later. There were no signs 
other than a quiet lassitude connected with 
impending death. No ocular, gastrointes- 
tinal, or respiratory sign was evident, and 
muscular signs, aside from skeletal mus- 
cular paralysis, were equally absent. No 
evidence of pain or discomfort was ever 

The area of clipped skin to which the 
phosphite had been applied was darkened 
and parchment-like. Microscopically a co- 
agulative necrosis of the epidermis extend- 
About 
of the rabbits showed an_ ulceration 


ing into the dermis was evident. 
50% 
of the stomach, but no other significant 
lesions were observable in the viscera. 
Those 0.071 
ml/kg. dose over an 18-day period exhibited 


animals exposed the 
less severe damage to the skin than that 
described for the lethal doses, but qualita- 
Harden- 
ing, drying, and wrinkling of the affected 
parts were evident, whether single or mul- 


tively the same picture prevailed. 


tiple applications to a given area had _ oc- 
curred. On the animals receiving a single 
dose to each area, necrotic epidermis was 
sloughed and replaced by regenerated tis- 
sue. In the rabbits receiving the dose on 
the same area, the sloughing was not ac- 
companied by normal regeneration, since 
the continuing insult prevented the repara- 
tive process. 

Microscopically, the tissues revealed ridge 
formation and a pink-staining exudate from 
small vesicles within the epidermis. 


Comment 

It is evident that a species difference 
exists between rats and guinea pigs with 
respect to being affected by bis(2-ethylhexy]) 
hydrogen phosphite, both to a single expo- 
sure and repeated exposures. However, in 
neither instance is the atmosphere for hu- 
man exposure likely to reach the dosages 


468 


ARCHIVES OF INDUSTRIAL HEALTH 
administered in these experiments. Similar 
ly, neither intravenous nor intraperitoneal 
exposures seem likely methods for human 
contamination, and ocular, acute intragas 
tric, and chronic intragastric administrations 
seem reasonably innocuous. 

The most probable method for human 
contamination with this phosphite is cer 
tainly percutaneous, and, significantly 
enough, this is where the compound seems 
most capable of producing deleterious ef 
fects in small doses. The 0.071 ml/kg. dose 
to the rabbit, based on a 5 ml/man dose was 
sufficient to cause a noticeable erythema for 
several days as well as a necrotizing effect. 
This has been confirmed on humans in that 
a dermatitis appeared on several persons 
during the course of these experiments. 
The signs of contamination were precisely 
the same as with the rabbit, and although no 
absolute proof of bis(2-ethylhydroxyl) hy- 
drogen phosphite contamination is available, 
that this 
pound was the one involved. 


there is every indication com- 
Because of 
the insidious and undramatic nature of. in- 
toxication in animals and_ the similarity 
that of 
the rabbit, it is felt that much care should 
be taken in the handling of bis(2-ethylhexyl) 


hydrogen phosphite. 


between human skin reaction and 


Summary 

The toxicity of bis(2-ethylhexyl) hydro- 
gen phosphite has been investigated by six 
routes of administration. Inhalation of 
Vapor or aerosol does not appear to be a 
likely means of intoxication. Cutaneous 
damage rabbits can be effected by less 
than 0.07 ml/kg. 

No evidence of interference with the en- 
zyme cholinesterase could be demonstrated 
in rabbits or dogs by assay of red blood 
cell enzyme and observation of the animal. 

Mr. Paul Yevich and Capt. D. Yost, of Pathol- 
Medical 


U. S. Army Chemical Warfare Laboratories as- 


ogy Branch, Directorate of Research, 
sisted in this study and made the analysis of the 


tissues involved. 
U.S. Army Chemical Warfare Laboratories. 
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Radiographic Characteristics of Glass 


WARREN C. ROBERTS, M.D., Niagara Falls, N. Y. 


There has been a general opinion among 


Hint glass has a higher density of 2.9-5.9 
some roentgenologists that glass, when This might be compared to aluminum, 
buried in the human tissues as a foreign which has a density of 2.7. 

body, will not reveal itself on x-ray film 


unless it contains some lead. Since physi- 


The following 1s a summary of the repre 


sentative compositions of various glasses: 
cians are frequently faced with the problem Window and plate glass: SiOz—71.5%; AlOs % 
of locating bits of laboratory glassware, 15%; NasO—14.0%; Ca0—13% (No Pb) . 

which rarely contains lead, in the flesh of Machine-made 


hollow-ware, such bottles 
employees, I decided to investigate this NwO—17.0% ; MgO—3.5% ; CaO 


5.0¢ 

problem. 

The radiographic qualities of glass are Elects light bulb 1.5%-73.5% ; NaxO 
rti 1 it 14%-17%;; K2O—0.0%-1.5%: MgO—3.5%-4.5%; 
proportional to its density and its —. 

mass. If the density of water is 1, the 940, a 


average density of tissue is about 1.5. Com- 


Tableware 1s usually a soda-lime glass, but 
mon glass has a density of 2.4-2.8, and 


“crystal ware” may contain 15%-30% PbO 
Received for publication Feb. 26, 1958 Laboratory glass is characterized by the presence 
Electro Metallurgical Company, A Division « 

Union Carbide Corporation. 


f of both potash and soda, and by a high silica 


content. 


Fig. 1—Exposure of fragments of glass—not in tissue. Right film (soft) technique), 
40 kv., 100 ma., 40 sec. 49 in. Left film, 40 kv., 100 ma., “40 sec., 40 in. (Par-speed screens ) 
Samples: I. Plexiglas (plastic) 2 mm. thickness; 2. slide glass, 1.5 mm. thickness; 3. Pyrex, 
1-mm. thickness; 4. window glass, 3 mm. thickness 
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Fig. 3.—Glass samples 
under a human finger 
Technique: 40° kv., 50 
ma., '5; sec. 40 in. par 
speed screens. Samples 
1. Aluminum step. There 
is step gradient of 1 mm 
of Al. 2. Slide cover 
glass 1/6000 in. or 0.1 
mm. thick. 3. Slide glass 
1 mm. thick 


Fig. 2.—Exposure 
fragments of glass 
1'4 in thick 
Technique: ky 
ma., Myo sec. 40 in. par 
speed screens. Samples 
1. Plexiglas, not visible 
2. Window glass, 
thickness. 3. Pyrex, 
thickness 4. Slide 
15 mm. thickness 
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ag 
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Pyrex Glass: SiO.—80.5%; 320s 
NasO—3.8% ; AlsOs—2.2%. 

Optical glass varies considerably in its composi- 
tion. Besides the usual amounts of SiOz, BeOs, 
NaO, and K2O, there also may be PbO as high 
as 50%-70%, and some As2Os, BaO, and MgO. 
It is usually denser than the common glasses. 

A foreign body in order to be seen radio- 
graphically does not always have to be 
denser than the object it is buried in; it 


12.9% ; 


only has to be dense enough to impart a 
greater density than the surrounding tissues 
in order to be seen on the film. 

The following are photographs of some 
of our tests: 

Figure 1. illustrates the soft tissue tech- 
nique, of halving the exposure time of bony 
technique, is not the best method for reveal- 
ing an embedded foreign body of glass. 

Figure 2 shows an x-ray of the same 
samples of glass in a 114 in. thick steak of 
meat. Some contrast and definition is lost 
in photographing the x-ray film, where the 
glass appears much sharper. The Plexiglas 
is not visible on the original x-ray films. 
This demonstrates that glass can be seen in 


tissues and its radiographic visibility does 
not depend solely on its lead content. 
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Figure 3 shows samples of glass under 
a human finger. On the side of the film is 
an aluminum step. The first step is 1 mm. 
with increments of 1 mm. in each succeed- 
ing step. 


Conclusion 
The 


glasses does not depend on their lead con- 


radiographic density of common 


tent, but their density or specific gravity. 


Glass is denser than tissue, and even a 


fragment of 0.1 mm. can be found in the 
tissues of the hand. If par-speed screens 
are used, they must be clear of all defects 
dust. Otherwise cardboard 


and holders 


should be used. Dental film placed against 
theenose can be used for foreign bodies in 
the anterior chamber of the eye. If labora- 
tory glassware is driven into the flesh, a 
negative x-ray report should be accepted 
as fairly conclusive that the glass is not 
still in the tissue. 

Emil Grimm, X-Ray Technician, helped in this 
study. 
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Chromium Salts 


This report is a continuation of previous 
investigations '* dealing with the action of 
chromates and nickel salts on the skin. 


I. Influence of Sodium Lauryl Sulfate 
on the Sensitization of Guinea Pigs 
to Chromium and Nickel 


A modification of Nilzen and Wikstr6m’'s 
technique * was employed to demonstrate 


induced sensitization. Tissues from  sensi- 
tized animals were subjected to spectro- 
graphic analysis. 

perimental Procedure 
(a) Control group 


Group 1. Two animals painted daily with 
1% aqueous solution of sodium lauryl sulfate 
(Duponol C) for eight days. 

Group y 


0.5% 


with 
aqueous solution of potassium dichro- 


Two animals: painted daily 


mate for eight days. 


Group 3. Two animals painted daily with 


4% aqueous solution of nickel sulfate for 


eight days. 
(b) Experimental group 
Group 4 with 
1% aqueous solution of sodium lauryl sulfate 


Four animals painted daily 


and immediately repainted with 0.5% aqueous 
solution of potassium dichromate for eight 
days. 
Group 5. Four animals painted. daily with 
1% aqueous solution of sodium lauryl sulfate 
and immediately repainted with 4% aqueous 
solution of nickel sulfate for eight days. 


Submitted for publication Feb. 10, 1958. 
Section of 


Department of 


From the Industrial Dermatology, 
Dermatology (Dr. Donald M. 
Pillsbury, Director), School of Medicine, Univer- 
sity of Pennsylvania. 

Adapted from a paper read in the Symposium 
on Industrial before the American 
Academy of Dermatology and Syphilology, Chi- 
cago, Dec. 10, 1957. 


Dermatoses 


Studies of the Effeets on the Skin of Nickel and 


M. H. SAMITZ, M.D., and HARRY POMERANTZ, M.D., Philadelphia 


Results 
Group 1. No reaction after eight days 
Group 2. No reaction after eight days 
Group 3. No reaction after eight days 
Group 4. All four animals showed a local reac- 
tion manifested by scaling, erythema, and in- 
filtration after six to seven days 
Group 5. Three animals showed a similar but 
a less marked reaction after seven to nine days 
of applications. The fourth animal showed a 
questionable reaction a month later 
Twenty-seven days after the initial ap- 
plications, a previously untreated area on 
the backs of the animals in Groups 4 and 5 
was shaved. Challenge patch tests with 
0.5 aqueous solution of potassium dichro- 
mate on the backs of the animals in Group 
4 and 4% aqueous s¢ ution of nickel sulfate 
on the backs of the animals in Group 5 
failed to give evidence of sensitization. 
In this 


response in Groups 4 and 5 would indicate 


series of animals, the uniform 
that sodium lauryl sulfate in combination 
with dichromate or nickel sulfate solutions 
produced a local irritation. These findings 
are similar to the results reported by Nilzen 
and Wilkstrom. 
responses on challenge testing with the 
chromate and nickel sulfate solutions there 


In view of the negative 


was no evidence of epidermal sensitivity. 
These experiments, however, have to be 
repeated on a larger scale before definite 
conclusions can be drawn. 


II. Spectrographic Analyses of Blood, 
Urine, Skin, and Various Internal 
Organs of Chromate and Nickel-Sensi- 
tive Patients and Animals 


(a) Various organs from an animal of 
Groups 1, 4, and 5 were removed and sub- 
These 


findings are summarized in Tables 1 and 2. 


mitted for spectrographic analysis. 
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TABLE 1.—Spectrographic Analysts of 


Group Animal 1° 
Sodium Laury! Sulfate 


Organ Control Animal 
Skin 
Liver 
Spleen 


Less than 1 ppm 
Less than 1 ppm 
Less than 1 ppm 
Lymph node Less than 10 ppm 
Blood x 


5 ppm 
Ss ppm 


0.4 ppm 


Spectrographic analysis of various animal 
tissues indicates the capacity for chromates 
to be absorbed. Maximum amounts of 
chromium were found in the spleen and 
lymph nodes. The presence of chromium 
in organs of animals of Groups 1 and 5 
may be explained by the fact that these 
animals were together in the same cages 
with animals of Group 4, and in licking 
each other the former ingested chromate 
solution. There was no evidence, however, 
of the absorption of the nickel salt. 

(b) Spectrographic analysis for Cr and 
Ni in sensitive human subjects. Six known 
chromate- and nickel-sensitive persons who 
had active eczematous eruptions were patch- 
tested with 0.259 aqueous solution of po 
4% 


solution of nickel sulfate respectively. Posi 


tassium dichromate — and aqueous 
tive patch test reactions graded as +3/+4 
were read after 48 hours. Blood was drawn 
from each patient at the time of the patch- 
test readings. None of the blood samples 
showed any trace of chromium or nickel 
spectrographically. Twenty-four-hour urine 
from 
chromium- and one nickel-sensitive patient. 


specimens were also collected one 
These specimens showed no chromium or 
nickel on spectrographic analysis. In two 
patients biopsies were performed in the 


TABLE 2. 


Group 1 Animal 1% 
Sodium Laury] Sulfate 


Organ Control Animal 


Skin 
Liver 


Less than 1 ppm 
Less than 1 ppm 
Spleen Less than 1 ppm 
Lymph node Less than 10 ppm 
Blood X 


1 ppm 
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Various Organs of 


Less than 2 ppm 


Less than 20 ppm 


Spectrographic Analysis of Various Organs of 


Less than 1 ppm 


Less than 0.2 ppm 
Less than 5 ppm 
Less than 0.2 ppm 


OF INDUSTRIAL HEALTIH 


Guinea Pigs: Chromates 


Group 4 Animal 1°; 
Sodium Lauryl Sulfate Sodium Laury! Sulfate 
+4°% NiSO, 


Group 5 Animal 1° 
+0.5°% 


40 ppm 
2 ppm 

ppm 
30 ppm 
Os ppm 


Less than 3 ppm 
ppm 

25 ppm 

20 ppm 

0.3 ppm 


sites of active +3/+4 chromate patch test 
reactions. The patch tests had been applied 
48 hours previous to the biopsies. Spectro 
showed 


graphic analysis of the skin no 


evidence of chromium. 


III. Influence of Sodium Laury! Sulfate 
on Patch-Test Reactions with Increas- 
ing Dilutions of Nickel Sulfate and 
Potassium Dichromate. 

(a) Comparison of Results of Solutions 
of Nickel Sulfate and Potassium Dichro 
mate in Water with Solutions of Thes 
Vetals in Sodium Lauryl Sulfate Solution 

Patch 
aqueous nickel sulfate were applied to the 


tests with various dilutions of 
left back regions of three nickel-sensitive 


subjects. Similar dilutions made with 5 
sodium lauryl sulfate were placed simulta 
neously on the right back regions. 
The results are tabulated in Table 3. 
Patch 
aqueous potassium dichromate were applied 


tests with various dilutions of 
to the left back regions of three chromate 


sensitive patients. Similar dilutions made 
with 5 sodium lauryl sulfate were tested 
simultaneously on the right back regions 
The reactions are tabulated in Table 4 
(b) Comparison of Patch Tests Made 


with Quantitative Dilutions of Nickel Sul 
Guinea Pigs 


Group 4 Animal 1% 
Sodium Laury! Sulfate 
KeCreO, 


Group 5 Animal 1% 
Sodium Lauryl Sulfate 
NiSO, 


Less than | ppm 
Less than 0.3 ppm 
Less than 1 ppm 
2 ppm 

Less than 0.2 ppm 


4 ppm 
Less than 0.2 ppm 
1 ppm 
1 ppm 
Less than 0.2 ppm 


Pol. 18, Dee 


JOSS 
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Dilution 


TABLE 3 


Case | 
4s Ilr 


NiSO «+ 
Sodium 
Lauryl 


NiSO, Sulfate 


Influence of Sodium Lauryl Sulfat 


Increasing Dilutions of Nickel Sulfate 


48 Hr 


NiSO «+ 
Sodium 
Lauryl 


NiSO,« Sulfate 


NiSO, 


NiSO «4 
Sodium 
Lauryl 


Sulfate NiSO 


NiSO «+ 
Sodium 
Lauryl 
‘ Sulfate 


on Patch-Test Reactions with 


NiSO «+ 
Sodium 
Laury! 


Sulfate 


NiSO 


1000 
10000 
100000 


fate Prepared with Water and with 
Sodium  Lauryl-Sulfate Solution.—Three 
nickel-sensitive patients were used for this 
study. 


These patients showed positive re 
actions on patch tests with aqueous solution 
of nickel sulfate in dilutions up 1:10. 
Dilutions of 1:100 and above had evoked 
no reactions on patch testing. 

Tap water was rubbed for one-half min- 
ute on one forearm every five minutes for 
a period of 50 minutes. The opposite fore 
arm was rubbed with a 5% sodium lauryl 


The 


to 


sulfate solution in a similar fashion. 
sodium sulfate not 
washed off at the end. Closed patch tests 
in dilution of 1:100 to 1:100,000 were ap 


lauryl solution was 


plied to the forearms. A patch without any 


nickel solution was also applied over the 
areas treated with sodium lauryl sulfate as 
a control. 

The results are tabulated in Table 5. 

(See note under Table 5. 

The indicates 
that the addition of sodium lauryl sulfate 


uniform reaction pattern 


4.—Influence of Sodium Laurv! 


Increasing Dilutions 


Case 1 
iS Hr 


Case 2 


48 Hr 


kK .Cr.0;4 


Sulfat 
Potasstum Dichromate 


nickel 


appreciably 


to the environment of contact with 


sulfate in sensitized persons 


heightens the reaction. This finding may 
be correlated with the animal experiments 
discussed earlier where only animals ex 
posed to both the detergent and the metallic 
salt on the same area produced a reaction, 
whereas those exposed only to a single agent 
showed no reaction. The probability is that 
the detergent improves contact with skin 
and increases permeability. This finding 
may be of practical value in industrial and 
home environments where workers exposed 
to minimal concentrations of nickel sulfate 
may be subject to reactions when simultane 


ous exposure to detergents occurs 


IV. Attempts at Inactivation of Chro- 
mium and Nickel Ions 


(a) Chromates.—Plockage of patch-test 
reactions in chromate-sensitive patients was 
attempted with various chemical agents. The 


chemicals used were (1) edathamil (EDTA) 


n Patch-Test Reactions with 


Hr 96 Hr 


K.Cr.0 


K 4 


Sodium Sodiun Sodium 
Laury| 


Sulfate 


Sodium 
Lauryl 


Sulfate 


Lauryl 


Laury! 
Sulfate 


Sulfate 


Dilution 
10 : +4 
10) 2 +3 

10000 


+3 +3/+4 
+3 +3/+4 
+1 


Dilutions of 1:10 and 1:100 were not applied in this highly chromate-sensitive patient for fear of provoking too severe a reaction 


Samitz—Pomerantz 
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| | Case 3 
06 Hr 48 Hr. 
1-10 +2 +2 +2/+3 +4 +1/+2 +2 +2 +1 +2 ah 
1-100 +3 +3/+4 +2 +2 
- 
+1 +2 +} 
| 
| 
| 
| 
+2 +3 
+1 $3/+4 
+2 +2 
+2 +2 


TasLe 5—Nickel Sulfate Solutions Applied to Skin Prepared by Water and 5% 
Sodium Lauryl Sulfate 


A.M.A. ARCHIVES OF INDUSTRIAL HEALTH 


Case 8 Case M Case G 
24 Hr. 48 Hr. 24 Hr 48 Hr 24 Hr 48 Hr 
Sodium Sodium Sodium Sodium Sodium Sodium 
Lauryl Laury] Lauryl Lauryl Lauryl Laury! 
Dilution H,O Sulfate H:0 Sulfate H:0 Sulfate H:O Sulfate H:0 Sulfate H,0 Sulfate 
1-100 +1 +2 -- +1/+2 — +2 +3 +2 
1-100 +1 +1/+2 +2 +3 +2 
1-10000 -- +/+1 - +1/+2 - +3 +2 
1-100 — - +1/+2 +3 +2 


The control sites showed no reaction. 


calcium-disodium; (2) ascorbic acid; (3) 
ascorbic acid with edathamil calcium-diso- 
dium; (4) formalin; (5) glutathione, and 
(6) cysteine, incorporated individually and 
in combinations in polyethylene glycol (Car- 
bowax) base. The ointments were rubbed 
into skin sites prior to the application of 
closed patch tests with 0.25% aqueous solu- 
tion of potassium dichromate. 

(1) Ten per cent edathamil calcium-diso- 
dium in polyethylene glycol ointment in 
three patients substantiated our previous 
report,? in which we found no blockage of 
the chromate reaction. In this report one of 
us (M. H. S.) demonstrated the inability 
of this chelating agent to inactivate the 
hexavalent chromium ion in patch tests 
performed on chromate-sensitive subjects. 
On the other hand, Maloof* reported the 
use of edathamil calcium in the treatment 
of chrome ulcers of the skin caused by the 
trivalent chromium ion. 

(2) and (3) Ascorbic acid 1% in poly- 
ethylene glycol ointment and ascorbic acid 
with edathamil (1% in 10% edathamil cal- 
cium-disodium ointment) in three chromate- 
sensitive subjects showed complete blockage 
in one subject and minimal blockage in two 
patients with 1% ascorbic acid ointment. 
With the combination of 1% ascorbic acid 
in 10% edathamil ointment on three chro- 
mate-sensitive subjects, complete blockage 
was demonstrated on one patient and partial 
blockage (reactions graded as +/+1 com- 
pared to +3/+4) in two patients. Previ- 
ously Rajka® demonstrated on a series of 
guinea pigs the capability of vitamin C in 
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protecting the animals from irritation of a 
20% bichromate solution. Rajka felt that 
his vitamin C-edathamil ointment was able 
to inactivate the reactive Cr ion to the non- 
reactive ion (i. e., reduce the hexavalent 
Cr to the trivalent form). 


(4), (5), and (6) Formalin, glutathione, 
and cysteine. In a previous study by one 
of us (M. H. S.) the inactivation of epi- 
dermal SH groups by chromium salts and 
the correlation between the rate of percu- 
taneous absorption and the inactivation was 
reported. Protection of sulfhydryl groups 
against ionizing radiation was also demon- 
strated with formaldehyde, glyoxal, etc.*; 
therefore we used some of these chemicals 
as a means of protection against chromates 
on the skin. 

(a) Formalin (1% and 2% aqueous solutions)— 
no blockage in one subject. 

(b) Glutathione (freshly prepared 2% glutathione 
in polyethylene glycol ointment )—complete 
blockage of patch-test reaction on two sub- 
jects. 


(c) Cysteine HCl (2% in polyethylene glycol 
ointment )—complete blockage was demon- 
strated on two chromate-sensitive patients. 

Comment: From this small series one 
may conclude that whereas edathamil may 
block a trivalent Cr reaction by chelation, 
the agent fails to chelate the hexavalent ion. 

Evidence points to some inactivation of the 

chromates by 1% ascorbic acid ointment 

and further protection with the ascorbic 

acid and edathamil calcium-disodium mix- 

ture. 

Formalin lacked the capacity to block 
the chromate reaction. Glutathione and 
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cysteine were capable of protecting against 
the chromate reaction; however, the insta- 
bility of glutathione obviates its practical 
use. These experiments, moreover, have to 
be repeated on a larger scale before definite 
conclusions can be drawn. The use of 
ascorbic acid and cysteine as protective 
agents against the chromate reactions bears 
further investigation. 

(b) Nickel.—Various were 
used in our attempt to inhibit patch-test 
reactions in nickel-sensitive subjects. 

(1) Edathamil: The skin blocking effect 
of this chelating agent against nickel was 
demonstrated by Kurtin and Orentreich.? 
One of us (M. H. S.) reported the efficacy 
of 10% edathamil calcium-disodium in poly- 


chemicals 


ethylene glycol (Carbowax) and 25% aque- 
ous solution to inhibit the appearance of a 
positive patch-test reaction in a nickel-sensi- 
tive subject. 

(2) Sodium Diethyldithiocarbamate: Al- 
though this compound had not been used 
previously on the skin to prevent nickel 
reaction, its use in the treatment of nickel 
carbonyl poisoning was reported by West 
and Sunderman.*® These investigators also 
found that the carbamate protected mice 
receiving lethal amounts of nickel nitrate. 
The chemical was therapeutically effective 
when administered parenterally or orally. 
For the present study a 10% concentration 
in polyethylene glycol ointment buffered 
with a phosphate to a pH of 7 was used. 

(3) Dimethylglyoxime: This reagent is 
well known in the laboratory for testing 
for nickel. A 10% dimethylglyoxime in 
polyethylene glycol ointment was used in 
this study. 

Sodium diethyldithiocarbamate 10% in 
polyethylene glycol ointment showed com- 
plete blockage of patch-test reaction on two 
nickel-sensitive subjects. Dimethylglyoxime 
10% ointment gave complete blockage of 
patch-test reaction on a nickel-sensitive sub- 
ject. These chemicals were used for addi- 
tional testing in various ways. 
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V. Use of Diethyldithiocarbamate as a 
Preventive Agent 


The procedure consisted of painting site 
areas of skin with diethyldithiocarbamate 
ointment followed by a closed patch test of 
4% aqueous nickel sulfate solution on the 
prepared sites. After 24 hours all the 
patches were removed, and on the site of 
each patch test the carbamate ointment was 
painted three times a day. For each suc- 
ceeding test area the ointment was applied 
24 hours longer than the preceding patch. 
For the first patch the ointment was rubbed 
in for 24 hours and stopped, for the second 
patch 48 hours and stopped, and for the 
third 96 hours and stopped, etc., until the 
sixth and final patch had the application for 
six days. All areas where the carbamate 
and nickel had been applied were negative 
throughout the period of observation. 

Further evidence of the nickel-inactivat- 
ing capacity of sodium diethyldithiocarba- 
mate was shown by applying six closed 
patches of 4% aqueous nickel sulfate. Then, 
after varying intervals of time, each patch 
was successively removed, the area rubbed 
with the carbamate ointment, and again a 
closed patch test with 4% nickel applied. 
The first patch was removed after 15 min- 
utes; the carbamate ointment was reapplied 
to the site and followed by another closed 
patch of the nickel solution; the second 
patch after 30 minutes, and the procedure 
was repeated. This procedure was carried 
out at one-, two-, three-, and six-hour in- 
tervals on the remaining sites. 

At the time of removal of each original 
patch, before the ointment was repainted, 
there was no evidence of any activity on 
the test sites. Reexamination after 24 hours 
showed in one of the two cases a (+) re- 
action in the areas where the patch had 
been left on for two hours before applica- 
tion of the diethyldithiocarbamate ointment 
and a definite + reaction in the three- and 
six-hour patch areas. After four days there 
was a (+) reaction at the three- and six- 
hour patch areas. The other subject was 
negative throughout. 
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The same procedure as the above was 
carried out in one subject with the sub- 
stitution of dimethylglyoxime for di- 
ethyldithiocarbamate. All the areas were 
negative when the second nickel patch was 
applied, as well as after 24 hours, which 
was the limit of the observation period. 

From this it would appear that if the 
ointment could be applied within two hours 
after exposure to nickel, it would be of 
value in preventing a reaction. 

Tests were then made to compare the 
efficacy of solutions of diethyldithiocarba- 
mate and dimethylglyoxime with ointments 
containing these chemicals. A 2% alcoholic 
solution of dimethylglyoxime and a 2% 
aqueous solution of diethyldithiocarbamate 
were used. The solutions, in the concentra- 
tions used, failed to inhibit the nickel re- 
action. Whether or not stronger solutions 
might be helpful will be the subject of a 
future study. From an industrial point of 
view, such neutralizing solutions would be 
much more practical as hand washes. 


VI. Leaching Effect of Sweat on Nickel 


Sweat has long been known to have a 
corrosive action on metals. 
tigations ® are in agreement that the most 
important factor in this reaction is the 
sodium chloride content of the sweat. 


Previous inves- 


In an attempt to determine the effect of 
sweat on nickel with respect to its possible 
relationship in the production of epidermal 
sensitivity a number of preliminary studies 
were carried out. 

The presence of nickel in solution can 
be shown by the development of a pink 
color on the addition of a drop of dimethyl- 
glyoxime solution. 

To demonstrate the corrosive action of 
sweat a nickel coin was placed in each 
of the following solutions: (1) human 
sweat, (2) sodium lauryl sulfate, (3) sweat 
and sodium lauryl sulfate, and (4) tap 
water. The coins were immersed in the 
various solutions for a period of 24 hours 
at room temperature. Then a portion of 
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each solution was placed in a spot test 
tray and a 
added. 


drop of dimethylglyoxime 
The sample of sweat and_ nickel 
turned a light pink, while the sweat and 
sodium lauryl sulfate specimen showed a 
deeper pink color. Neither the sodium 
lauryl sulfate alone nor the tap water pro- 
duced any color change. 


In order to determine 


the minimum 
length of time necessary for a reaction to 
occur, the above procedure was repeated by 
adding the dimethylglyoxime solution si- 
multaneously with the coins. The solution 
containing the sweat and sodium lauryl sul- 
fate mixture showed a definite pink color 
in 10 minutes. Sweat alone produced a pink 
color in 20 minutes. Over a period of four 
hours the color change gradually deepened, 
after which time no further change oc- 
curred. Sodium lauryl sulfate and tap water 
did not show any color change. 

To determine the minimal concentration 
of aqueous nickel sulfate detectable by this 
simple spot test, dilutions of 1:10, 1:100, 
1:1000, 1 :10,000, and 1:100,000 of aqueous 
nickel sulfate solutions were placed in indi- 
vidual wells of a porcelain dish. To each 
dilution a drop of dimethylglyoxime was 
added. A definite pink color was present 
in the dilutions up to and including 1 :1000. 
Higher concentrations showed a deeper 
This color change was used as a 
standard for comparison with the reactions 
noted in the first part of the experiment. 
Nickel leached by the action of sweat and 
by sweat and sodium lauryl sulfate was in 
the range of 1:100 to 1:1000. 

Comment: From these results one may 
conclude that (1) sweat can leach out Ni 
from nickel coins; (2) sodium lauryl sul- 
fate enhanced the leaching effect, and (3) 
the time range required for this effect was 
10 to 20 minutes. Since sweat and sweat- 
detergent exposures in association with 
nickel are common both in industry and in 
the home environment, these findings may 


color. 


explain the frequency and ease of sensitiza- 
tion by nickel. 
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SKIN EFFECTS OF NICKEL AND CHROMIUM SALTS 


Summary and Conclusions 


Various studies of the effects on the skin 
of nickel and chromium salts showed the 
following : 

1. Sodium lauryl sulfate in combination 
solutions 

the 


Sensitization was not demon- 


with dichromate or nickel pro- 


duced a local irritation on skin of 
guinea pigs. 
strated, 

2. Spectrographic analyses of various 
animal tissues indicated the capacity for 
chromates to be absorbed. There was no 
evidence of the absorption of the nickel salt. 
blood, 


urine, and skin of nickel- and chromate- 


3. Spectrographic analyses of 
sensitive patients showed no evidence of 
chromium or nickel. 

4. The addition of sodium lauryl sulfate 
with nickel sulfate 
and potassium dichromate in sensitized per- 


to the area of contact 
sons appreciably heightened the reaction as 
shown by patch-test reactions. 

5. Cysteine, glutathione, and ascorbic 
acid showed a capacity to inactivate patch- 
test reactions in chromate-sensitive patients. 


6. Sodium diethyldithiocarbamate and 


dimethylglyoxime showed a capacity to in- 


activate patch-test reactions in nickel-sensi- 
tive patients. 


Samits—Pomerantz 


7. The efficacy of sodium diethyldithio- 
carbamate as a preventive agent was demon- 
strated in various experimental procedures. 
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Nickel Poisoning © 


VI. A Note Concerning the Ineffectiveness of Edathamil Calcium-Disodium 
(Calcium Disodium Ethylenediaminetetraacetic Acid) 


BOB WEST, Ph.D., and F. WILLIAM SUNDERMAN, M.D., Ph.D., Philadelphia 


Edathamil calcium-disodium (calcium di- 
disodium ethylenediaminetetraacetic acid, 
CaNazEDTA) has widespread application 
as a metal-complexing agent in a number 
of diversified fields. In the medical and 
biological fields it has been used as an 
antidote for lead poisoning !*; it is reported 
to be effective in the treatment of cadmium ® 
and uranium poisoning ® in rats, in vana- 
dium poisoning in mice,’ and in the mobil- 
ization and removal of iron in patients 
with hemochromatosis.’ Edathamil forms 
stable chelates with many metals, including 
nickel. When administered parenterally 
edathamil calcium-disodium is rapidly ex- 
creted in the urine.® Its toxicity * is of a 
relatively low order.’® 

Scudier and Tinazzi™ reported edathamil 
to be an effective antidote for nickel chlo- 
ride when administered intravenously in 
rabbits. No studies have been reported on 
the use of this agent in nickel carbonyl poi- 
soning. Our studies were undertaken to 
determine the effect of edathamil calcium- 
disodium administered to experimental ani- 
mals exposed to lethal concentrations of 
nickel carbonyl as well as to animals re- 
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ceiving lethal amounts of inorganic nickel 
salts parenterally. 


Results of Experiments 

Effect of Edathamil in Mice Exposed to 
Nickel Carbonyl.—Four experiments were 
undertaken to evaluate the effect of various 
dosages of edathamil upon mice exposed to 
nickel carbonyl. In each experiment 20 mice 
were exposed to the vapors of nickel car- 
bonyl in a concentration of 0.06 mg. per 
liter for a period of 30 minutes.” After 
exposure, 10 mice from each group received 
edathamil calcium-disodium and the remain- 
ing 10 served as controls. The dosages of 
edathamil calcium-disodium are given in 
Table 1. It will be seen that the mortality 
ratios in the groups receiving edathamil did 
not differ significantly from those of the 
control groups. 

Postmortem examinations were made on 
some of the animals, and the amounts of 


TaBLe 1.—Effect of Edathamil Calcium-Disodium 
on Mice Exposed to Nickel Carbonyl, 
0.06 Milligrams per Liter 


Mortality 
CaNa:EDTA Ratios 
Dosage, Frequency of Dead/ 
Groups Mg/Kg. Administration Treated 
Ni(CO).« 6/10 
Ni(CO) «+CaNa:EDTA 40 2doses daily— 6/10 
3 days 
Ni(CO). 10/10 
Ni(CO)«+CaNa:EDTA 200 2 doses daily— 9/10 
2 days 
Ni(CO)« 9/10 
Ni(CO)«+CaNa:3EDTA 500 2doses—first day 10/10 
Ni(CO)« 8/10 
Ni(CO).+CaNa:EDTA 500 3 doses—first day 6/10 


d 

4 

== 

a 


NICKEL POISONING 
TaBLe 2.—Distribution of Nickel in Mice 


Group Lungs Kidney Liver 


(Ni—yg. per Gm.) 


Ni(CO), (Control) 
Ni(CO).«+CaNa:EDTA 


9.12+2.89 
8.23+1.78 


10.03+2.55 2.06+0.41 
11.01+2.74 5.09+2.11 


nickel contained in their lungs, liver, and 
kidneys were determined.* The results of 
No 
significant differences were observed be- 
tween the distribution of nickel in the vital 
organs of the untreated animals and those 
treated with edathamil calcium-disodium. 


these analyses are given in Table 2. 


Effect of Edathamil in Rabbits Exposed 
to Nickel Carbonyl.—Seven healthy male 
albino rabbits, weighing approximately 2.5 
kg. and maintained on a diet of Purina Rab- 
bit Chow Checkers, were used for these 
studies. Rabbits 1 and 2 were exposed si- 
multaneously to nickel carbonyl in a concen- 
tration of 2.0 mg. per liter for 30 minutes. 
Rabbit 2 received an intravenous injection of 
edathamil calcium-disodium in a dosage of 
500 mg. per kilogram of body weight imme- 
diately after removal from the exposure 
chamber. Rabbits 3 and 4 were exposed 
simultaneously to nickel carbonyl in a con- 
centration of 1.75 mg. per liter for 30 min- 
utes. Rabbit 4 received an intravenous 
injection of edathamil calcium-disodium in 
a dosage of 500 mg. per kilogram immedi- 
ately after the exposure 
chamber and 250 mg. per kilogram intra- 
venously 18 hours later. Rabbits 5, 6, and 


removal from 


Taste 4.—Effect of Edathamil Calcium-Disodium 
After Intraperitoneal Injection of Nickel in Mice 
(0.01% w/v Nickel Nitrate) 


CaNa:EDTA 
Dosage 
Me/Kg. 


Mortality Ratios 
(3 Days) 
Dead/ Treated 


Nickel Dosage 


2/10 
5/10 
7/10 
9/10 
10/10 
10/10 
10/10 
10/10 
8/10 
8/10 


TaBLe 3.—Distribution of Nickel in Rabbits 


Rabbit * Lungs Liver Kidney Brain 


(Ni—yg. per Gm.) 


Ni(CO), (Control) 
Ni(CO) «+CaNa:EDTA 
Ni(CO), (Control) 12.73 6.08 
Ni(CO).+CaNa:EDTA 13.07 3.87 
24-Hour Urine (Ni—yg/100 M1.) 
Ni(CO), (Control) 1638.0 
Ni(CO) .+CaNa:EDTA 1506.0 


10.87 1.78 
12.01 3.68 


* See text for explanation of rabbit numbers. 


7 were also exposed simultaneously to nickel 
carbonyl in a concentration of 1.75 mg. per 
liter for 30 minutes. Rabbits 6 and 7 were 
given a solution of edathamil calcium-diso- 
dium intravenously in a dosage of 500 mg. 
per kilogram of body weight immediately 
after removal from the exposure chamber. 
Four hours later these two animals each 
received edathamil calcium-disodium intra- 
venously in a dosage of 250 mg. per kilo- 
gram of body weight. All of the rabbits 
(control and treated) died within 90 hours 
after exposure to nickel carbonyl. 

Analyses for nickel were made on the 
lungs, liver, kidneys, and brains of Rabbits 
1, 2, 5, and 6. The amounts of nickel were 
measured in 24-hour collections of urine 
from Rabbits 3 and 4 following exposure. 
It will be seen in Table 3 that there is 
no significant difference between the distri- 
bution of nickel in the organs of the control 
animals and those receiving edathamil cal- 
cium-disodium after exposure. Moreover, 
the amounts of nickel excreted in the urines 
of treated and untreated rabbits were essen- 
tially the same. 


Taste 5.—Effect of Edathamil Calcitum-Disodium 
After Intraperitoneal Injection of Nickel in Rats 
(0.1% w/v Nickel Nitrate) 


CaNa:EDTA 
Dosage 
Mg/Kg. 


Mortality Ratios 
(3 Days) 
Dead/Treated 


Nickel Dosage 
Me/ Kg. 


10/10 
10/10 
9/10 
8/10 


W est—Sunderman 


1% 
| 
1 

2 4.94 
: 5 5.15 3.14 
> 6 6.20 3.85 
‘ 
] 

| 
| 
4 

i 

| 

| 

| 

| 

| 

| 

| 

] 

| 

| 0.5 

4 1.0 

i 

25 | 

2.5 

| 2.0 100 

| 2.0 250 1.0 

4 2.0 500 1.0 100 

1.0 250 1.0 

" 1.0 500 1.0 500 
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Effect of Edathamil on Mice and Rats 
Given Lethal Doses of Inorganic Nickel 
Salts —Swiss albino mice weighing 18 to 
20 gm. were fasted overnight prior to the 
intraperitoneal injection of a 0.01% (w/v) 
solution of nickel nitrate in dosages ranging 
from 0.5 to 2.5 mg. per kilogram of body 
weight. Fifteen minutes after the injection 
of the nickel solution, edathamil calcium- 
disodium was administered intraperitoneally 
in dosages of 100 to 500 mg. per kilogram 
of body weight. A similar experiment was 
also performed utilizing albino rats of the 
Wistar strain. 

The results of these studies are presented 
in Tables 4 and 5. It will be seen that 
edathamil calcium-disodium in dosages as 
high as 500 mg. per kilogram of body 
weight does not provide protection against 
the toxic effects of nickel nitrate given 
parenterally to mice and rats. 


Summary 


Edathamil calcium-disodium (calcium di- 
sodium ethylenediaminetetraacetic acid) ad- 
ministered parenterally to mice and rabbits 
in dosages as high as 500 mg. per kilogram 
of body weight did not overcome the lethal 
effects of exposure to nickel carbonyl. 
Moreover, edathamil did not alter the dis- 
tribution of nickel in lungs, liver, and kid- 
neys of exposed animals and did not 
increase the amount of nickel excreted in 
the urine. 

Edathamil calcium-disodium was found to 
be ineffective as an antidote in experimental 
animals receiving lethal amounts of inor- 
ganic nickel salts parenterally. 
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The Chronic Toxicity of Octadecylamine 


WILLIAM B. DEICHMANN, Ph.D.; J. L. RADOMSKI, Ph.D.; WILLIAM E. MacDONALD, M.S.; 
ROBERT L. KASCHT, M.D., and R. L. ERDMANN, M.D., Coral Gables, Fla. 


The 
to determine the chronic toxicity of com 
mercial 20% 


This material is of im- 


purpose of this investigation was 


octadecylamine (containing 
hexadecylamine ). 
portance as an anticorrosive agent in live 
steam, which may be used to cook food. It 
has been estimated that the rate of addition 
of this chemical to steam is 2.5 ppm, and 
that the maximum concentration of octadec- 
ylamine to be expected in food may range 
from 0.25 to 0.50 ppm. 

The chronic toxicity studies consisted of 
a two-year rat-feeding experiment and a 
one-year dog-feeding experiment. In addi- 
tion to the short-term 
experiment comparing the subacute toxicity 


chronic studies, a 
of octadecylamine with that of stearic acid 
was conducted, using rats. 


Two-Year Rat-Feeding Experiment 


Experimental—One hundred 


healthy, 


twenty 
weanling, Sprague-Dawley rats, 
housed in individual cages, were used in this 
experiment. They were divided into five 
groups of 24 each (12 males and 12 females) 
with randomization of litter mates among 
the groups. 

The compound dissolved in corn oil was 
added to ground Purina Laboratory Chow 
supplemented with 1% cod-liver oil, One 
group of 24 rats was fed the control diet, 
the second group received 20 ppm, the third 
100 ppm, the fourth 200 ppm, and the fifth 
500 ppm octadecylamine. A record was kept 
of the food consumed by each animal. Body 
weights were determined weekly. Hemato- 
logical studies were conducted on animals 

Received for publication April 8, 1958. 

From the Departments of Pharmacology (Drs 
Radomski, and MacDonald) and 
Pathology (Drs. Kascht and Erdmann) 
sity of Miami, School of Medicine. 


Deichmann, 


Univer- 


picked at random from each of the groups. 
All animals surviving at the end of two years 
were killed. Pathological examinations were 
made on the tissues of all animals killed at 
termination of the experiment and from a 
few rats killed in extremis. Tissues taken 
for micropathological examination included 
brain, pituitary, skeletal mus- 
cle, bone marrow, heart, lungs, liver, spleen, 
kidneys, gastroenteric tract (three levels), 


adrenals, 


pancreas, lymph nodes, and ovary or testis. 


TABLE 1.—Food Consumption, Weight Gain, 
Mortality, and Survival of Rats Fed 
Octadecylamine for Two Years 


Dietary Diet 
Concen- 


Mean Mortal- 
Weight ity, 

Gain per 

Gm. Cent 


Consump- 
tration tion 


Mean 
Survival, 


Ppm Days 


Gm/ Day 


348.0 
209 4 
319.5 
198.6 
291.7 
204.9 
324.6 
210.9 
355.5 


204.4 


Results —-There was no significant dif- 
ference observed between the mean daily 
consumption of experimental and control 
diets (Table 1). The mean weight gains 
were also essentially the same for all groups. 
There was no significant difference between 
the animals fed octadecylamine and the con- 
trols in either the percentage mortality or 
the mean survival time. In both control and 
experimental rats there was a higher than 
expected rate of mortality due to acute 
respiratory infections. Numerous attempts 
were made to culture the organisms respon- 
sible for these deaths. However, only normal 


bacterial inhabitants of a rat’s respiratory 
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| 
| 
F 0 M 18.9 67 551.1 
20 M 17.6 75 503.6 
F 15.0 75 540.4 
100 M 19.3 75 503.5 
F 14.5 S3 510.3 
200 M 17.8 75 525.6 
F 12.6 83 476.5 
500 M 18.1 67 549.3 
F 14.1 83 504.5 


A.M. A. 
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Tas_e 2.—The Effects on the Peripheral Blood of Feeding Octadecylamine to Rats 
for Two Years 
(Average values and standard deviations of counts taken on 


Hemoglobin Red Blood Cells 
Gm/100 M1. 


Mean+sS. D. 


Dietary 
Concentration 
Ppm Mean+8. D. 
6.2+1.0 
6.541.7 
6.140.7 
4.9+0.7 
6641.3 


11.4+1.1 
12.340.2 
100 12.341.9 
200 12.341.5 
500 14.54+3.4 


tract were found, The impression was 
gained that these deaths were the result of 
a nonspecific endemic pulmonary infection 
occasionally observed in rat colonies. 

The blood studies were conducted on all 
groups of rats after 4, 8, 13, 16, 20, 25, 28, 
43, 55, 66, 86, and 96 weeks of feeding. 
The only significant change that was noted 
was a slight upward trend in the total white 
and total neutrophil count. This may have 
been associated with the prevalence of 
respiratory disease in the colony. The final 
(96-week ) values shown in Table 2 reveal 
no significant differences in hemoglobin con- 
centration, red count, white count, absolute 
neutrophil count, and absolute lymphocyte 


count between any of the groups fed octa- 


decylamine and the controls. 

Inasmuch as a preliminary study (to be 
reported below) with doses of 3000 ppm 
of octadecylamine had shown a constant and 
striking change in the gastroenteric tract 
and mesenteric lymph nodes, particular at- 
tention was focused on these organs as the 
sites of expected micropathologic change. 
However, no change, either quantitatively 
or even qualitatively similar, was observed. 

There were no significant pathologic dif- 
ferences between the control group and the 
groups of rats fed 20, 100, 200, and 500 
ppm octadecylamine. Lesions encountered 
in all groups included pyelonephritis, hyaline 
casts in the renal tubules, occasional renal 
abscesses, and bronchitis or pneumonia. One 
animal in the control group showed a mild 
endocarditis and valvulitis; one animal in 
the 100 ppm octadecylamine group developed 
a brain abscess, and one animal receiving 


4X4 


groups of five or six rats after 96 weeks of feeding) 


White Blood Cells Neutrophils Lymphocytes 


Millions/Cu. Mm. Thousands/Cu. Mm. Thousands/Cu. Mm. Thousands/Cu. Mm. 


Mean+S8. D. Mean+58. D. Mean+8. D. 
21.842.2 
21.4+8.3 
22.9+-6.9 
17.0+4.8 
19.8+3.2 


8.0+2.9 
6.7+5.6 
7.3418 
6.242.0 
6342.4 


13.743.7 
14.644.3 
14.94:3.3 
12.745,.2 
13.7+3.3 


500 ppm showed histocytic hyperplasia of a 
mesenteric lymph node. The changes ob- 
served were not considered significant or 
related to the ingestion of octadecylamine. 


One-Year Dog-Feeding Experiment 

Twelve young mongrel dogs were selected 
for the one-year dog feeding experiment. 
They were housed in individual cages and 
The diet consisted of a 
mixture of Purina Kibbled Meal and canned 
horse meat. In addition, they had access at 
all times to Hunt Club Bones (a dog biscuit ). 


fed once daily. 


The twelve dogs were divided into four 
groups of three animals each. One group 
(two males and one female) served as 
control; a second group (one male and two 
females) received octadecylamine at a dose 
level of 0.6 mg/kg/day; the third group 
(two males and one female) 3.0 mg/kg/day, 
and the fourth group (one male and two 
females) 15.0 mg/kg/day. Throughout the 
experiment, octadecylamine in corn-oil solu- 
tion was administered by capsule once daily 
except Saturdays and Sundays. The dogs 
were weighed once a month and the doses 
recalculated on the basis of the new weights. 
Hematological examinations consisting of 
total red blood cell count, hemoglobin con- 
centration, and total and differential white 
cell counts were performed on the 12 dogs 
at the start of the experiment and 1, 2, 3, 
6, 8, 11, and 12 months thereafter. All 
surviving animals were killed at the end of 
the year for gross and microscopic examina- 
tion, 

Results —With one exception, all dogs 
survived the experiment in obvious good 
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Taste 3.—Weight Changes of Dogs Fed 
Octadecylamine for One Y ear 


Daily 

Dose of 

Identifi- Octadecy- Weight Weight Change 

cation lamine of Dog of Dog of Weight 
No. se Mge/ Kg. Kg. Kg. Kg. 


Initial Final 


D-89 } 0 10.2 12.8 
D-91 j 48 9.6 
D-97 ) d 12.2 


Average gain 
11.7 

11.5 

10.3 


Average gain 
13.8 

79 
12.6 
Average gain 
6.0 

7.5 

9.7 


Average gain 
* Died after 22 weeks. 


health. One dog, at 
died after 22 weeks. 


the 15 mg/kg. level, 
This animal suffered 
from anorexia during the last three weeks 
of life, and exhibited bloody diarrhea during 
the three days prior to death. The animal 
did not show a severe loss in weight, but 


TABLE 4. 


Effect of Feeding Octadecylamine to 


the impression was gained that it was suf- 
fering from gastroenteric irritation. 

The mean weight gain of the dogs re- 
ceiving 15 mg/kg. was less than that gained 
by the control dogs or those fed lower levels 
of octadecylamine. The weight gain of the 
dogs on both of the lower levels was es- 
sentially the same as that of the control 
dogs (Table 3). 

Blood studies were performed at the 
beginning of the experiment and after 1, 2, 
3, 6, 8, 11, and 12 months of drug adminis- 
tration. A slight gradual increase in the 
total number of 


red blood cells and con- 
centration of hemoglobin was observed as 
the experiment progressed. These changes 
were noted in all control and experimental 
dogs, and were expected since the dogs used 


for the experiment were young and attained 
maturity as the experiment progressed. The 
initial and final values are shown in Table 4. 
There are no significant differences between 
the animals receiving octadecylamine and the 
controls. 

Gross pathological organ changes were 
not observed. The organs examined micro- 
scopically included the heart, lungs, liver, 


spleen, kidneys, gastroenteric tract (three 


Dogs for One Year 


(Only initial and final counts are given; complete blood counts 


were taken after 1, 2, 3, 6, 8, 


Hemoglobin 
Gm/100 M1. 


Red Blood Cells 


Identifi- Millions/Cu. Mm. 


cation 


No. Initial Final Initial Final 


White Blood Cells 
Thousands/Cu. Mm. Thousands/Cu.Mm. Thousands/Cu. Mm 


Initial 


and 11 months of feeding) 


Neutrophils Lymphocytes 


Final Initial Final Initial Final 


Control Dogs 


5.6 


6.8 


12.2 
7.6 10.4 


13.8 
9.4 
6.4 


Daily Dose: 0.6 Mg/Kg. 


7.5 
64 


7.0 10.9 


9.9 
17.6 
119 


Daily Dose: 3.0 Mg/Kg. 


11.4 
11.8 J 6.2 
6.0 


* These final counts after 3 months of feeding (dog died subsequently). 


Deichmann et al. 


+2.6 
+4.8 
+4.6 
4.0 
D-96 F 0.6 10.4 +0.7 
D-95 M 0.6 9.7 +18 oe 
D-98 F 0.6 5.7 +4.6 
2.4 
D-93 F 3.0 8.1 +5.7 
D-92 M 3.0 6.0 +14 
D-99 M 3.0 7.5 +5.1 
4.2 
D-90 * M 15.0 64 0.4 
F 15.0 7.0 +0.5 
D-100 F 15.0 8.5 +1,2 
— 
D-89 10.4 11.8 5.2 = 10.9 6.5 9.7 3.9 3.9 
D-91 11.4 12.2 5A P| 94 4.1 2.3 5.0 
D-97 11.0 144 63 3.9 40 56 22 
D-95 124 15.4 54 a 58 4.1 6.3 1.2 3.3 
D-96 12.3 13.2 59 8.4 5.9 94 0.4 7.4 
D-78 13.0 14.6 5.2 PC 48 7.9 5.4 3.3 
D-92 11.0 13.6 6.0 7.2 8.9 12.8 7.6 6.7 0.7 5.9 
D-93 10.2 14.6 5.8 7.6 13.6 9.9 99 5.5 26 41 
D-9 11.0 14.8 6.5 8.2 7.5 10.3 3.9 6.2 3.2 3.5 
Daily Dose: 15.0 Mg/Kg. : 
D-90 5.8 * 8.6 8.2° 4.0 5a* 2.2 1.0* 
D-94 8.2 6.4 13.6 5.0 9.8 Ll 3.3 
1-100 8.5 7.4 78 3.7 5.9 3.0 17 
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levels), pancreas, lymph nodes, bone mar- 
row, brain, pituitary, adrenals, and ovary or 
No definite lesion of the intestinal 
tract was identified. 


testis, 
However, in the two 
surviving animals of the group that received 
15.0 mg/kg. of octadecylamine, the tips of 
the villi of the mucosa of the small intestine 
were pale-staining. This appeared in the 
superficial substantia propria. No foam cells 
or deposits of lipid material were identified. 
The intestines of these dogs had a different 
appearance from the intestines of the other 
dogs and were slightly similar to those of 
rats fed 3000 ppm octadecylamine, suggest- 
ing the possibility of some absorption of a 
nonstaining material into the mucosa of the 
both of 
animals the sinuses of the mesenteric lymph 
filled with 


small intestine. Also, in these 


nodes were pale, “foamy” 


histiocytes, 


Comparison of Subacute Toxicity of 
Octadecylamine with That of 
Stearic Acid 


One group of 10 Sprague-Dawley rats 
(5 males and 5 females), housed in individ- 
ual cages, was fed 3000 ppm of octa- 
decylamine in the basic diet. A similar group 
received the basic diet containing 3000 ppm 
of stearic acid (a straight-chain fatty acid 
differing from octadecylamine only in that 
it contains a carboxyl group in place of the 
These 
experimental diets were fed for a total of 
209 days. A record was kept of the food 
consumed by each animal. Individual body 


terminal primary amino group). 


weights were determined weekly throughout 
the experiment. All animals surviving at 
the end of 209 days were killed. Gross and 
microscopic pathological examinations were 
taken 
killed at termination of the experiment and 


made on. tissues from all animals 
from certain animals killed in extremis while 
the experiment was in progress. Tissues 
taken for micropathological examination in- 
cluded brain, viscera, gonads, skeletal muscle, 
bone marrow, heart, lungs, liver, spleen, 
kidneys, gastroenteric tract (three levels), 
pancreas, and lymph nodes. 
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TABLE 5.—Effect of Feeding to Rats 3000 Ppm of 

Octadecylamine and 3000 Ppm of Stearic 
Acid for a Period of 209 Day; 


Average 
Diet 
Con- 

sumption 

per Day, 
Gm, 


Average 
Survival 
Time, 
Days 


Average 

Weight 

Change, 
Gm. 


Mortality 
Compound Ratio 
Octadec- 
ylamine Males 
Females 
Males 
Females 


Stearic acid 


Results. 


but the rats that received octadecylamine 


Both groups exhibited anorexia, 


had a significantly lower mean daily intake 
of food than those receiving stearic acid in 
their diet (Table 5). 
decylamine showed a mean weight loss of 


The males on octa- 


31 gm. while those fed stearic acid gained 
Although the 
decylamine showed a mean gain of 30 gm., 


30 gm. females on octa- 
it was significantly less than the gain of the 
females on stearic acid, which was 58 gm. 
The mean period of survival of both males 
and females receiving octadecylamine was 
than that 
stearic acid. On the other hand, the mortality 


shorter for the rats receiving 
ratio of the rats on stearic acid was slightly 
greater for both males and females. It is 
interesting to note that all of the rats on 
octadecylamine lost weight initially. How- 
ever, those which survived began to gain 
midway during the course of the experiment. 
This was not true of the rats on stearic acid ; 
throughout the experiment these animals 
showed a gradual but somewhat erratic 
tendency to gain. 

Tissues from rats fed 3000 ppm stearic 
acid showed severe pulmonary infection con- 
sisting of tracheobronchitis, lobular pneumo- 
nia, lipoid histiocyte response, and abscess 
formation. No retention or imbibition of 
this ingested material was noted in sections 
of the gastroenteric tract. Abundant iron- 
containing pigment was found in the spleens ; 
the other organs examined microsopically, 
including the heart, liver, kidneys, pancreas, 
and did not show 


adrenals, significant 


abnormalities, 
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87 31 98 
119 +30 11.5 
107 +12 15.0 
127 +58 13.5 
= 


Tissues from rats fed 3000 octadecylamine 
showed varying degrees of pulmonary in- 
fection. Sections from the gastroenteric 
tract revealed a diffuse aggregation of foamy 
histiocytes within the mucosa of the small 
intestine in each animal. These were not 
stained by Sudan [V. The mesenteric lymph 
nodes were grossly enlarged and matted. 
Microscopic examination of them revealed 
a marked granulomatous reaction with abun- 
dant histiocytes, nodule or tubercle forma- 
tion, necrosis, and fibrosis. These lymph 
node sections stained weakly positive with 
IV. 
of five animals showed nodular aggregates 
This 


feature was most pronounced in the two 


Sudan Sections of the livers of three 


of histiocytes, with slight necrosis. 


animals that survived for the shortest period 
of time (118 and 133 days). In the third 
animal (137 days) only one such nodule was 
seen. Although the mesenteric! nodes of all 
five animals showed a granulomatous re 
sponse, this likewise appeared more intense 
in rats fed octadecylamine for /118 and 133 
days. The other organs exanhined—heart, 
spleen, pancreas, kidneys, and adrenals 
were normal. 


Summary and Conclusions 

No toxic effects were observed when, for 
a period of two years, octadecylamine was 
fed to rats in the diet at levels up to and 
including 500 ppm. The weight changes, 
blood counts, percentage and distribution of 
mortality, and food consumption of the rats 
fed octadecylamine were similar to those 
the 
produced 


noted in controls. 
this 


changes in rats. 


Octadecvlamine at 


level no micropathological 


No toxic effects were observed in dogs 
given octadecylamine at levels of 0.6 and 


Detchmann ect al 


CHRONIC TOXICITY OF OCTADECYLAMINE 


3.0 ng/kg. per day on each of five days of 
a week for a period of 12 months. One of 
the three dogs receiving 15 mg/kg/day died 
after 22 weeks. The other two dogs gained 
less weight than controls or the dogs re- 
ceiving the lower levels of octadecylamine. 
Two of the three animals fed 15.0 mg/kg. 
(including the one which died) showed slight 
changes of an equivocal nature in the mucosa 
of the 
scopic examination of the tissues showed 
While the death of the one 
dog might be fortuitous, the bulk of the 


small intestine. Otherwise, micro- 


no pathology. 


evidence indicates that octadecylamine has 
the 
gastroenteric tract when fed at a level of 
15.0/kg/day). Thus it that the 
maximum nontoxic levels of octadecylamine 


some toxic effects (primarily on 


appears 


are 500 ppm for the rat, and 3.0 mg/kg/day 
(equivalent to approximately 100 ppm in 
the diet) for the dog. 

The preliminary experiment on the com- 
parative subacute toxicity of octadecylamine 
and stearic acid (a compound with the same 
carbon skeleton but having a carboxyl group 
substituted for the terminal primary amine 
group) demonstrated that at a level of 3000 
ppm in the diet the two compounds elicited 
similar toxie reactions. Both compounds 
produced anorexia and increased rate of 
mortality. Rats fed stearic acid showed no 


significant pathological lesions, but those 
fed octadecylamine showed an accumulation 
of histiocytes with pale or foamy cytoplasm 
the 


mesenteric lymph nodes. 


in the mucosa of small intestine and 


Focal granulomas 
in the livers of some of these 


were seen 


latter animals. 


Pharmacology, 
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Potentiation of the Toxicity of Insecticidal 


Organic Phosphates 


KENNETH P. DUBOIS, Ph.D., Chicago 


The continued development of new or- 
ganic-phosphorus-containing insecticides is 
an indication of the effectiveness of this 
group of toxicants for the eradication of 
destructive insects. It is now well established 
that there are some toxicological problems 
associated with the use of these insecticides 
but they must be viewed from the standpoint 
of achieving a balance between the beneficial 
effects of the compounds to agriculture and 
the health hazards to those engaged in the 
manufacture and application of these agents 
and the consumption of food crops upon 
which they have been used. The accomplish- 
ment of these objectives requires knowledge 
of the toxicity of the insecticidal organic 
phosphates to mammals under conditions 
comparable to those under which exposure 
occurs during their practical use. 

The more important organic-phosphorus- 
containing insecticides, particularly those for 
which tolerance levels are established, have 
been studied extensively in experimental 
animals with respect to their acute, subacute, 
and chronic effects. From the practical 
standpoint it seems likely that few if any 
significant effects of these compounds on 
animals have escaped detection. The permis- 
sible levels on foods were carefully estab- 
lished on the basis of the known actions of 
each compound, with consideration given to 
the probability of strictly additive effects by 
compounds having similar actions and with 
an additional margin of safety for the un- 
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known and unexpected circumstance which 
might accentuate toxicity. 

Until recently there was no evidence that 
more than strictly additive toxic effects re- 
sult from combinations of insecticidal or- 
ganic phosphates. However, in 1957 Frawley 
et al.'* undertook experiments to ascertain 
whether potentiation of toxicity results from 
the simultaneous administration of combina- 
tions of organic-phosphorus-containing in- 
secticides to animals. This experiment had 
as a practical basis the fact that people may 
ingest several food products, each containing 
a different organic phosphate, at the same 
meal, and workers may be exposed to two or 
more compounds on the same or successive 
days during the manufacture or application 
of these materials. At the present time there 
are nine organic phosphates which have been 
approved for use on food crops. The names, 
chemical 
(tolerance levels) which are permitted on 


formulae, and maximum levels 


food crops are shown in Table 1. 


Frawley and associates '* selected two of 
these compounds, namely, EPN and mala- 
The 


compounds 


thion, for their investigation. acute 
the 


simultaneously was determined, using mor- 


toxicity of two given 
tality as the end-point, and the subacute 
effects were measured by the use of blood 
determinations to ascertain 
whether the compounds exhibited additive 


cholinesterase 


or greater than additive effects (potentia- 
tion). Previous research had shown. that 
certain organic phosphates administered in 
combination with other compounds having 
the same mode of action cause potentiation 
of acute toxicity. Thus, in 1951 Rider et 
al.* observed that the simultaneous adminis- 
tration of octamethyl pyrophosphoramide 
(OMPA) and neostigmine to man resulted 


POTENTIATION OF TOXICITY OF ORGANIC PHOSPHATES 


Taste 1.—Tolerance Levels and Safe Levels of 
Organic Phosphates 


Tolerance 
Organic Level, Safe Level, 
Phosphate | Structure Ppm Ppm 


Parathion 


Methyl 
parathion 


CH,O 


-S—CH-C-OG Hy 
CH- 


p 
Malathion 


Guthion 


Phosdrin 
CH, 
C,H,O 


in potentiation of acute toxicity. This find- mg. per kilogram and the value for EPN 
ing caused no alarm because these two was 65 mg. per kilogram, but when the two 
compounds would not be administered simul- compounds were combined the approximate 
taneously except in clinical use which could L. D.s9 was 167 mg. per kilogram for 
readily be avoided. It is, therefore, clear malathion and 6.6 mg. per kilogram for 
that the circumstances under which potentia- EPN, thus representing a 10-fold increase 


in the toxicity of each agent. Similar but 
less extensive acute toxicity tests on dogs 
suggested an order of potentiation of ap- 
proximately 50-fold. Following these ob- 
servations subacute toxicity studies were 


tion of toxicity occurs are extremely im- 
portant in connection with the practical 
significance of this pharmacological effect. 

In the initial studies of Frawley and as- 
sociates + the combination of EPN and 
malathion was administered in an approxi- undertaken in which rats were fed various 
mate equitoxic ratio of 25 parts of malathion levels of EPN plus malathion in the diet and 
to 1 part of EPN. The L. D.59 of malathion blood 
given orally in single doses to rats was 1400 


Dubois 


cholinesterase measurements were 
made at intervals for a period of eight weeks. 
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The results of these measurements indicated 
that dietary levels of 25 ppm of EPN and 
50 ppm of malathion caused an amount of 
inhibition of cholinesterase which was much 
greater than would be expected on the basis 
of strictly additive effects. Similar studies 
on dogs indicated that even the tolerance 
levels of each agent for fruits and vegetables 
(3 ppm of EPN and 8 ppm of malathion) 
resulted in potentiated toxicity detectable 
by erythrocyte cholinesterase determinations, 
although the effect at these low dietary levels 
was of borderline significance. Nevertheless, 
it constituted the evidence upon which to 
base the suggestion that potentiation might 
occur from the dietary intake of permissible 
levels of organic phosphate insecticides. 
These experiments formed the basis for the 
recommendation by the Food and Drug 
Administration that new organic phosphates 
for which tolerance levels were desired 
should be tested acutely and subacutely for 
potentiation in combination with each of the 
other organic phosphates for which toler- 
ances have been established and with all 
other new compounds which 
similar 


were at a 
stage of development. However, 
studies on a number of pairs of organic 
phosphates have indicated that agents which 
do not cause potentiation of toxicity acutely 
will likewise not produce the effect when 
the lower doses employed for subacute tests 
are used. For this reason acute toxicity 
tests are now employed to ascertain whether 
a pair of compounds is capable of producing 
potentiation. Those compounds which ex- 
hibit no potentiation acutely are given no 
further Subacute tests are 
performed only on those pairs of com- 
pounds which exhibit definite potentiation 


acutely. 


consideration. 


The detection of potentiation by acute 
toxicity tests may be accomplished by com- 
paring the observed L. D.59 values with the 
expected values for various pairs of organic 
phosphates. The simplest method of 
tecting potentiation acutely 


de- 


the 


involves 


simultaneous administration of equivalent 
fractions of the L. D.s59 of each compound. If 
the administration of one-half of the L. D.s0 
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of each of two compounds results in additive 
(50%) or less than additive mortality, it is 
apparent that no potentiation has occurred. 
In cases where potentiation does occur an 
indication of the magnitude of the effect can 
be obtained by further toxicity tests. One 
method of measuring the degree of potentia- 
tion involves determination of the L. D.50 
This is done by 
mixing the two compounds, using concentra- 
tions ot 


of equitoxic mixtures. 
each which are related to their 
comparative toxicities. Thus, if the L. D.so 
of one component of the mixture given 
singly is 10 mg. per kilogram and_ the 
L.. D.so of the other component is 90 mg. 
per kilogram, a mixture containing 10% of 
one and 90% of the other organic phosphate 
respectively would be employed for the 
toxicity tests. Comparison of the observed 
L. D.s0 with the value which would be ex 
pected on the basis of strictly additive effects 
provides an indication of the degree of 
potentiation. Another method of measuring 
the degree of potentiation by pairs of organic 
phosphates involves the determination of the 
L.. D.so of various percentage mixtures of 
two components. In this case the expected 
result can be calculated by the method of 
l‘inney * using the following formula: 

Component A Component B 

of AX 1007 L.D.s0 of Bx 100 


1 
L.D.« of 


Mixture 

This method of calculation requires that 
the mechanism of action of the two com 
pounds be similar and that the dosage-mor 
tality curves be parallel. The organic 
phosphates which have been studied thus far 
satisfy these requirements in that inhibition 
of cholinesterase appears to be the principal 
mechanism of action and the L. D.s0 regres- 
sion lines for cholinergic organic phosphates 
are reasonably parallel. Expression of the 
degree of potentiation as the ratio of the 
observed to the expected L. D.59 values has 
the advantage of simplicity and provides an 
estimation of the degree of hazard. How- 
ever, it should be emphasized that these 
procedures have been designed for applica- 
tion to situations in which the mechanism 
of potentiation is unknown. None of the 
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procedures in use at the present time for 
calculating and expressing the degree of 
potentiation make any assumption concern- 
How- 
ever, when this type of information becomes 


ing the mechanism of potentiation. 


available, a more precise expression of the 
degree of hazard can be made. For example, 
if it is known that compound A blocks the 
B, then the 
degree to which the toxicity of compound B 
is magnified by the potentiating agent can 
be determined and expressed in a straight- 


detoxification of compound 


forward and readily understandable manner. 
This procedure requires knowledge of the 
mechanism of potentiation in each case, but 
until our knowledge advances to that stage 
it will be necessary to utilize some generally 
applicable but method of 
measuring the effects, such as those pro- 


less precise 
cedures which are in use at the present time. 

The procedure suggested by the Division 
of Pharmacology, Food and Drug Adminis- 
tration, for the detection of potentiation by 
subacute feeding experiments consists of the 
use of cholinesterase measurements to de- 
tect greater than additive toxicity. Pairs of 
organic phosphates are fed at the maximum 
safe levels to one male and one female dog 
for six weeks. Five normal plasma and 
erythre cyte cholinesterase determinations are 
performed within a two-week period on each 
dog prior to feeding the experimental diets. 
Cholinesterase are made at 
weekly intervals for six weeks, after which 


measurements 


the animals are fed the organic phosphates 
to determine whether a greater than additive 
inhibitory effect on cholinesterase occurs. 
Under these experimental conditions an 
amount of inhibition exceeding 40°% is in- 
dicative of potentiation. Smaller amounts of 
inhibition can occur from simple addition 
of the toxic effects of the two compounds. 
A number of studies have been conducted 
using this procedure, and there has been 
no significant disagreement on the usefulness 
and feasibility of this method of testing for 
potentiation, sufficient evidence 
has accumulated to indicate that subacute 


However, 


tests for potentiation on all organic phos- 
phates are unnecessary since those which 


Dubots 


PHOSPHATES 


do not cause potentiation acutely are likewise 
not potentiating agents at the lower dosage 
levels used in subacute tests. 

The experiments which have been con- 
ducted to date on the acute toxicity of 
various pairs of cholinergic organic phos- 
phates have revealed that three types of 
responses are obtained. Thus, strict addi- 
tivity, less than additive, and greater than 
additive effects (potentiation) have been 
observed. The experience in this laboratory 
has been that most pairs of organic phos- 
phates produce either additive or less than 
additive acute toxic effects when mortality 
is used as the end-point. Table 2 shows the 


Taste 2—Additive Acute 


Toxicity by lV artous 
Combinations of 


Organic Phosphates 


Second 
Organic Organic % 

Phosphate Phosphate Mortality * Mortality Effect 
Parathion EPN 9/20 45 Additive 
Parathion Dipterex 11/20 55 Additive 
Parathion Systox 10/20 50 Additive 
Systox EPN 9/20 45 Additive 
Systox Malathion 12/20 60 Additive 
Guthion EPN 12/20 60 Additive 


* One-half of the L. D.s.» dose of each compound was given 
intraperitoneally to female rats. 


results of our toxicity tests on several com- 
binations of organic phosphates which pro- 
duce strictly additive acute toxicity in rats. 
This is the expected response when the 
compounds having the same mode of action, 
parallel dosage-mortality responses, and a 
similar time of onset of toxic effects are 
administered simultaneously. These experi- 
ments were performed using one-half of 
the L. D.s9 of each given 
intraperitoneally, In the two cases where 
the mortality exceeded 50% another experi- 
ment was performed in which one-half of 
the L. D.ro plus one-half of the L. D.so of 
the two compounds were given. The results 


compound 


of these additional experiments demonstrated 
that the toxicity of these compounds was 
strictly additive. 

Less than additive acute toxic effects are 
obtained with some pairs 


of organic phos- 
phates as shown by the 


data in Table 3. 
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TABLE 3.—Less than Additive Acute Toxicity by 
Combinations of Organtc Phosphates 


Second 
Organic Organic Te 
Phosphate Phosphate Mortality * Mortality Effect 


Parathion Malathion 2/20 10 <Additive 
Parathion Guthion 2/20 10 <Additive 
Dipterex EPN 6/20 30 <Additive 
Dipterex Systox 2/20 10 <Additive 
Malathion Guthion 2/20 10 < Additive 
Systox Guthion 1/20 5 <Additive 


* One-half of the L. D.so dose of each compound was given 
intraperitoneally to female rats. 


It is noteworthy that these compounds have 
the same mechanism of action and _ that 
their L. D.59 regression lines are parallel but 
additional factors prevent strictly additive 
toxicity. In this connection the time of 
occurrence of maximal depression of cholin- 
esterase activity by each compound is im- 
portant. Some organic phosphates must 
undergo metabolic conversion to active 
metabolites, and the onset of symptoms de- 
pends upon the rate of conversion of the 
parent compounds to metabolites with 
anticholinesterase activity. In addition, the 
rates of absorption and detoxification differ 
for various organic phosphates. Some or- 
ganic phosphates exhibit rather pronounced 
differences in one or more of these factors 
and consequently their simultaneous adminis- 
tration does not result in strictly additive 
acute toxicity. In these cases it is possible 
that additive toxicity would occur if the 
time between the administration of each 
compound was spaced so that the maximal 
effect of each organic phosphate would 
occur simultaneously. 

In the studies which have been conducted 
in this laboratory 15 pairs of compounds 
have been examined and only 3 of the com- 
binations resulted in potentiation of acute 
toxicity. Although there are a number of 
other combinations of compounds which 
could be tested, it is felt that our findings 
are representative of the type of effects 
which can be expected by the conduction of 
acute toxicity tests on various pairs of 
organic phosphates. The data in Table 4 
show that 100% mortality of rats occurred 
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TaBLe 4.—Potentiation of Acute Toxicity by 
Combinations of Organic Phosphates 


Second 
Organic Organic % 
Phosphate Phosphate Mortality * Mortality Effect 


Malathion EPN 20/20 100 Potentiation 
Malathion Dipterex 20/20 100 Potentiation 
Dipterex Guthion 20/20 100 Potentiation 


* One-half of the L. D.s0 dose of each compound was given 
intraperitoneally to female rats. 


after simultaneous administration of one- 
half of the L. D.s5o of malathion plus the 
same fraction of the L. D.so of EPN in 
confirmation of the results obtained by 
Frawley et al.’ In addition, 100% mor- 
tality occurred with half the L. D.s59 of 
Dipterex plus malathion and with Guthion 
plus Dipterex. To obtain further informa- 
tion concerning the degree of potentiation 
by these pairs of compounds the L. D.50 
values for equitoxic mixtures were deter- 
mined. It was found that the ratio of the 
observed to the expected values exceeded 
unity in every case, as shown by the data in 
Table 5. It is difficult to attach any partic 
ular significance to the numerical degrees 
of potentiation. However, they do indicate 
that precaution should be taken to avoid 
simultaneous acute exposures to these pairs 
of compounds. 

The performance of subacute potentiation 
tests on EPN and malathion by Frawley 
et al.'* indicated that potentiation of toxicity 
occurs when the safe levels of each of these 
compounds are fed simultaneously in the 
diet to dogs. Similar experiments in this 
laboratory have shown that feeding the safe 

TaBLe 5.—Degree of Potentiation of Acute 


Toxicity by Combinations of 
Organic Phosphates 


Ratio of 
Expected 
Composition of | Expected Observed to 
Organic Equitoxic L.D.se L. D.so Observed 


Phosphates Mixtures Me/Kg.)(Mg/Kg.) L. 

Malathion 99% Malathion 403.6 230 18 
plus EPN 1% 

Dipterex plus 16.6% Dipterex 480.0 220 2.2 
malathion 83.3% Malathion 

Dipterex plus 96.5% Dipterex 82.8 55 15 
Guthion 3.5% Guthion 
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level of Dipterex (100 ppm) together with 
the safe level of malathion (100 ppm) and 
Guthion (5 ppm) plus Dipterex (100 ppm) 
results in no potentiation subacutely. The re- 
sults of these latter experiments clearly in- 
dicate that the potentiating action which 
occurs with some pairs of compounds acutely 
does not occur at the much lower levels used 
in subacute tests and would, therefore, con 
stitute no health hazard from the standpoint 
of the ingestion of the levels permitted on 
food crops, 

At the present time the performance of 
acute and subacute toxicity studies on com- 
binations of organic phosphates is the most 
method the health 
hazards from potentiation. However, inter- 
pretation of toxicity data is difficult without 
information on the mechanism responsible 
Whether one 
agent potentiates the toxicity of the other 
or whether both agents potentiate each other 
cannot be stated definitely from this type of 


reliable of assessing 


for the observed toxic effects. 


experiment. The exact mechanisms respon- 
sible for potentiation of the toxicity of 
organic phosphates are not completely un- 
derstood, but some progress has been made 
in elucidation of the reasons for potentia- 
tion by EPN plus malathion and Dipterex 
plus malathion. In connection with the pos 


sible mechanisms responsible for potentia- 


tion of the toxicity of thiophosphates we 

considered three enzymatic reactions worthy 

of consideration, namely, the activation, 

mechanism, and metabolism of these com- 

pounds, which involve the following reac- 

tions : 

1. Activation 

(RO)2-P-R + 


| 


liver microsome oxidase + 


i 


diphosphopyridine nucleotide 
—— (RO):-P-R 


O 


oxygen 


Mechanism of toxic action 

Inhibition of cholinesterase by (RO).-P-R 
O 

Detoxification 


Hydrolysis of (RO)s-P-R_ catalyzed by 
! 


O 
aliesterases in liver, serum, and other tissues. 


Dubots 


PHOSPHATES 


The first step in the metabolism of 
thiophosphates involves oxidative removal of 
the sulfur atom and its replacement by 
oxygen. This reaction is catalyzed by a 
pyridine-linked enzyme in liver microsomes. 
Thiophosphates are inactive as anticholin- 
esterase agents but are converted by this 
enzyme system into highly toxic anticholin- 
to 


involved as the cause of potentiation, one 


esterase agents. For this reaction be 
thiophosphate would have to accelerate the 
conversion of the other to its corresponding 
oxygen analogue. The recent development 
in this laboratory ® of a quantitative method 
for measuring the rate of conversion of 
thiophosphates to their corresponding oxy- 
gen analogues facilitated the testing of this 
We found that in the case of 
EPN and malathion neither compound in- 
terfered with the conversion of the other 


With 


regard to the second possible mechanism the 


possibility, 


one to an anticholinesterase agent. 


potentiation does not occur as a result of 
a direct increased anticholinesterase action 
of either compound in the presence of the 
other compound since the oxygen analogues 
of EPN and malathion in combination pro- 
duced strictly additive inhibitory effects on 
cholinesterase in vitro. 

After elimination of two of the possible 
mechanisms responsible for potentiation of 
the toxicity of organic phosphates attention 
was focused on the possible interference by 
one compound with the detoxification of the 
other. Direct evidence in support of the 
involvement of this mechanism was obtained 
by Cook, Blake, and Williams.* They found 
that malathion is altered very rapidly by an 
esterase in liver and that the detoxification 
consists of hydrolysis of either or both ester 
linkages of the 1,2-dicarbethoxyethyl side- 
chains. These investigators found that a 
number of organic phosphates inhibited the 
hydrolysis of malathion in vitro, but only 
more effective than EPN. 
However, it appears that in vitro tests are 


Diazinon was 
considerably more sensitive as indicators of 
the potentiating ability of a particular pair 
of organic phosphates than are toxicity 


measurements. Furthermore, a particular 
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compound can be tested in vitro at concen- 
trations much higher than those which can 
be achieved in vivo because of the high 
toxicity of some of the organic phosphates. 
Thus caution must be exerted in the inter- 
pretation of in vitro results in terms of 
possible effects in the intact animal. 

In undertaking studies on the mechanism 
of potentiation in this laboratory efforts 
were directed toward the development of 
a quantitative method for measuring the 
inhibitory effect of EPN on the detoxifica- 
tion of malathion. This approach neces- 
sitated the development of a quantitative 
procedure for measuring the rate of 
enzymatic hydrolysis of malathion. In this 
connection a number of preliminary experi- 
ments on whole liver homogenates were 
conducted by Murphy and DuBois ? in which 
known or suspected components of the 
enzyme system were studied. The results of 
this study demonstrated that the hydolysis of 
malathion could be measured quantitatively 
using a test system which contained 0.15 ce. 
of 510% M malathion or its bromination 
product, 0.4 cc. of 0.1 M phosphate buffer 
(pH 12); 423 os mg. of homogenized 
liver or 10 or 20 mg. of serum and enough 
distilled water to make a final volume of 
3.0 cc. After incubation of the mixture for 
10 minutes at 28 C aliquots were added to 
a_ brain system. the 
inhibition of cholinesterase 
the quantity of malathion remaining in the 
mixture was estimated by the use of a 
standard curve and the activity of the 
detoxifying enzyme was expressed in terms 
of micrograms of malathion detoxified per 
milligram of tissue per 10 minutes. 


Before the method was applied to the 


cholinesterase From 


amount of 


potentiation problem a survey was made of 
the enzyme activity of the tissues of various 
species.?’ These measurements demonstrated 
that several tissues from dogs, rats, mice and 
guinea pigs contained the detoxification 
enzyme. In all cases the liver contained the 
highest concentration of the enzyme but 
kidney, serum, lung, ileum and spleen also 
contained enough of the enzyme to contribute 
materially to the detoxification of malathion. 
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With this information at hand, experiments 
were then undertaken to determine the effect 
of EPN on the activity of the enzyme system 
which catalyzes the hydrolysis of malathion. 
For these experiments rats were given EPN 
intraperitoneally or in the diet and were 
sacrificed some time later for measurement 
of the ability of the serum and homogenates 
of liver to detoxify malathion. This type of 
experiment the 


information on the extent and duration of 


permitted acquisition of 
inhibition of the detoxifying enzyme by 
EPN in vivo. At hour after the 
intraperitoneal injection of 2 mg. per kilo 
gram of EPN complete inhibition of the 
detoxifying enzyme was observed. Approxt- 
mately 50% inhibition of the enzyme in 
the serum of rats was produced by 0.5 mg 


one 


per kilogram, whereas 1 mg. per kilogram 
was required to produce 50% inhibition of 
the enzyme activity in liver. The L. D.50 of 
EPN for male rats under comparable ex 
perimental conditions was 26 mg. per 
The effect of inhibition of the 
detoxifying enzyme by EPN on the suscepti 
bility of rats to the acute toxicity of 
malathion was demonstrated by determining 


kilogram. 


the L. D.s9 of malathion to male rats treated 
1 hour previously with 1.5 mg. per kilogram 
of EPN. The approximate L. D.50 of 
malathion to these animals was 550 mg. per 
kilogram as compared with 1100 mg. per 
kilogram for comparable controls. The dose 
of EPN used in this experiment did not 
cause any inhibition of the cholinesterase 
activity of brain, serum, or submaxillary 
the toxicity of 
malathion can, therefore, be attributed to 


glands, and increased 
inhibition of its normal detoxification. After 
these experiments it was considered impor 
tant to ascertain the effects of diets contain 
ing EPN-on the activity of the enzyme which 
detoxifies malathion, For this experiment 
groups, each containing four rats, were fed 
diets containing various levels of EPN and 
were then killed the 
ability of serum and liver to detoxify 
malathion. It found that feeding a 
dietary level of 5 ppm of EPN for two 
weeks caused 28.6% and 39.5% inhibition of 


for measurement of 


Was 
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the detoxification of malathion by liver and 


serum respectively. Approximately 90% 
inhibition of the enzyme activity was ob- 
tained by feeding 20 ppm of EPN for two 
weeks. It is noteworthy that 20 ppm is 
the established safe level for EPN (Table 1) 
as determined on the basis of cholinesterase 
measurements. The enzyme which catalyzes 
the hydrolytic detoxification of malathion is 
considerably more sensitive toward inhibition 
by EPN than is cholinesterase because the 
lowest dietary level of EPN which produces 
significant inhibition of cholinesterase in a 
period of two weeks has been found to be 
25 ppm.* The results of these experiments 
provide an explanation for the ability of 
I.PN to potentiate the toxicity of malathion. 

Similar experiments were recently con- 
ducted by Murphy and DuBois® in’ an 
effort to explain the potentiation of toxicity 
which occurs when Dipterex and malathion 
are administered simultaneously. It was 
found that the intraperitoneal administra 
tion of 10, 20, and 40 mg. per kilogram of 
Dipterex caused 409%, 63%, and 70% in 
the 
of malathion by the livers of male rats. 


hibition respectively of detoxification 
However, as indicated above, the feeding of 
the safe levels of Dipterex and malathion 
together to dogs resulted in no evidence of 
potentiation subacutely."” Likewise the feed 
ing of Guthion plus Dipterex did not give 
any evidence of potentiation of toxicity.'° 
Thus, the subacute tests have indicated that 
EPN is clearly the most effective of the 
organic phosphates included in this study in 
the 


organic phosphate 


inhibiting detoxification of another 
The absence of potentia 
tion subacutely by the other pairs of com- 
pounds which are capable of producing the 
effect acutely shows the value of the per- 
formance of subacute tests in considering the 
potential health hazards associated with the 
ability of particular pairs of compounds to 
cause potentiation of toxicity. 

Our present knowledge of the problem 
of potentiation of the toxicity of organic 
phosphates does not provide an answer to 


the question of whether or not this effect 


Dubois 


PHOSPHATES 


health hazard in connection 


with consumption of contaminated food. It 


constitutes a 


is clear, however, that acute exposures to 
certain combinations of organic phosphates 
on the same or successive days during the 
manufacture or use of these materials should 
be avoided. The further screening of com 
pounds by acute toxicity tests followed by 
subacute tests should indicate whether there 
is any health hazard at the proposed safe 
levels for new compounds, assuming that 
the susceptibility of man resembles that of 
the experimental animals upon which the 
Studies on the mecha- 
the 


toxicity of one organic phosphate by another 


tests are conducted. 


nism responsible for potentiation of 


agent of the same class have indicated that 
the effect occurs when one compound inter 
feres with the enzymatic detoxification of 
another compound by inhibiting an esterase 
The low 


mammalian toxicity of some organic phos- 


in liver, serum, and other tissues. 


phates, such as malathion and Dipterex, is 
highly dependent upon efficient detoxifica 
tion. Interference with the detoxification of 
these compounds markedly increases their 
mammalian toxicity. To date consideration 
has been given only to inhibition of the de- 
toxifying esterase by organic phosphates. 
However, it is possible that a number of 
other chemical agents foreign to the body, 
such as atmospheric contaminants, food ad- 
ditives, and drugs, might inhibit the de 
of phosphates 


consequently render people abnormally sus- 


toxification organic and 
ceptible to these insecticides. Furthermore, 
it seems worthy of mention that the en- 
zymes which detoxify organic phosphates 
probably have a role in normal metabolism 
and in the detoxification of certain drugs. 
Thus, agents such as EPN might render 
people hypersensitive to the toxic effects of 


any ester-type drugs which are detoxified 


by the nonspecific esterase which hydrolyzes 


malathion. Aside from practical considera- 
tions, the finding of agents capable of in- 
hibiting hydrolytic detoxification reactions 
constitutes an important advance from the 
standpoint of possible usefulness in basic 
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research. Enzyme inhibitors have long been 
profitably employed as tools in the study of 
normal metabolism, and it seems likely that 
agents like EPN, Dipterex, and other po- 
tentiating compounds can be employed prof- 
itably for this purpose in the future. 
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Toxicity of Phosphine, with a Possible Fatality” 


from This Poison 


R. N. HARGER, Ph.D., and LOUIS W. SPOLYAR, M.D., Indianapolis 


I. Common Sources of Phosphine 


Substances containing metallic phosphides 
present a phosphine hazard, because such 
phosphides readily react with water, or water 
vapor, to produce phosphine gas and the 
Electric 


hydroxide of the metal. furnace 


products such as ferrosilicon and calcium 


carbide contain small amounts of calcium 


phosphide. Aluminum phosphide is used as 
a potent grain weevil fumigant, and sodium 
phosphide is employed for lighting buoys 
at 
liberated into the air is spontaneously in- 


night. While technical phosphine gas 
flammable, rather low concentrations in air 
are relatively stable. 


II. Toxicity of Phosphine 


Phosphine is an extremely poisonous gas. 
IXxtensive toxicity studies with animals have 
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TABLE 1.—Toxicity of 


Concentration 
of Phosphorus, Ppm 


Animal 
Author Used 
Cat 
4 Cat 
| Guinea pig 
| Guinea pig 
{ Rabbit 
| Guinea pig 
Rabbit 
} Rabbits (4) 
| Rabbits (2) 
| Rabbits (2) 
{ Mouse 
Lowenthal * (1949) { Mouse 


Jokote! (1904) 


Miiller * (1940) 


2.3 to 4 hr., daily 

Three 4 hr. periods during 9 days 
4.75 to 9 hr., daily 

4hr., daily 

7.3 to 9 br., daily 

4 hr., dally 

4hr., daily 

2 hr., daily 

4br., dally 

4hr., daily 

4hr., daily for 5 days followed by 14 ppm on 6th day 
2hr. 

24 br., (once only) 

1 br., daily 


been reported by Jokote, and Low 
Some of their results with phos- 
100 


enthal.* 
phine concentrations between 5 and 
ppm are given in Table 1. 

These data indicate that the minimum fa 
tal concentration of phosphine in air may 
be as low as 5 to 10 ppm, if breathed two 
to four hours daily for some days. The 


be Muller 


mentioned that some of his animals appeared 


toxic effects may cumulative. 
perfectly well after several exposures and 
then, shortly before the fatal outcome, they 
rather suddenly became paralyzed, with dif- 


ficult breathing, and died soon afterward. 


III. Phosphine Poisoning in Humans 

Fifty-nine human cases of phosphine pot- 
soning, with 26 deaths, have been recorded 
since 1900. 


cases is given in Table 2. 


A summary of these reported 
Six of the eleven 
papers give ferrosilicon as the phosphine 
source. All of these victims were passengers 
or crew members on freight boats carrying 
The 12 cases de- 
of 


ferrosilicon. 
11 


cargoes of 


scribed by Gessner were occupants 


Phosphine for Animals 


Duration of Exposure Death in 
3 days 

9 days 

4 days 

2 days 

2 days 

2 days 

2 days 

7 days 

10-14 days 
4-5 days 

6 days 

1 day 

Some days later 
2 days 
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Taste 2.—Human Cases of Phosphine Poisoning 
(Listed in publications since 1900) 


Paper No. Author(s) Year Source of Phosphine Cases Deaths 
1 Bahr and Lehnkering ‘ 1906 Ferrosilicon 5 6 
2 Robertson * 1909 Ferrosilicon 2 2 
3 Dold and Harris * 1909 Ferrosilicon 5 5 
4 Bruylants and Druyts ° 1909 Ferrosilicon 4 7 
5 Lewin 1917 Calcium carbide 
6 Floret * 1926 Calcium carbide 1 0 
7 Straub '° 1930 Calcium carbide 1 1 
8 Gessner ! 1937 Aluminum phosphide 12 1 
9 Lowenthal 1949 Ferrosilicon 1 
10 Reinl '* 1956 Ferrosilicon 4 2 
11 Glass '* 19565 Sodium phosphide i 0 

Total 59 


apartments near a very large elevator in 
which grain was being fumigated with an 
aluminum phosphide powder called “delicia.” 
The cases reported in Papers 5, 6, and 7 
were welders who breathed raw acetylene 
from portable generators. Paper 11, by 
Glass,’* describes the rather sudden illness 
of crew members of a British submarine 
which carried sodium phosphide for produc- 
ing a warning light for mines. 

Muller * listed the cardinal symptoms of 
phosphine poisoning in humans as follows: 
nausea, vomiting, diarrhea, great thirst, sen- 
sation of pressure in the chest, back pains, 
dyspnea, a feeling of coldness, and stupor 
or attacks of fainting. 

Autopsies were performed in a number 
of the fatal cases listed in Table 2. The 


IV. Fatality of an Acetylene 
Generator Operator 


A. Case History—The subject was a 16-year 
old white youth, about 6 ft. tall and weighing 220 
lbs. He was a member of his high school football 
team and had passed the usual physical examina- 
tion for that sport. There is no record of any 
serious illness prior to his employment at this 
acetylene plant, which was from Aug. 12 to Sept 
22, 1952. His job was to operate the two acetylene 
generators in this plant. In the early part of 
September he began to suffer periods of dizziness 
while on the upper level of the generator building 
and engaged in filling the generator hopper with 
calcium carbide. On two such occasions he re 
ported becoming unconscious. On Sept. 12. he 
“blacked out” while driving home for lunch and 
his car ran off the road and overturned, but he 
suffered only a bruise on the cheek. At about 
11 a. m. on Sept. 22, he was found lying face down 
on the upper floor of the generator building. His 


“. face was very near, or partly over, an open 
pathology most frequently reported was con- hopper, which had been filled with carbide. The | 
: gestion of the lungs with marked edema, but generator tank had been drained and was partly 

refilled with water. The valve between the tank 
: without evidence of infection. Attempts to and the carbide hopper was not entirely closed 


detect phosphine in the body were not suc- 
cessful. Several of the authors pointed out 
that the body readily oxidizes phosphine to 
phosphate, which simply adds to the normal 
body pool of the latter. However, in the 
two fatal cases reported by Reinl '* the tis- 
sues were shown to contain lower oxides of 
phosphorus, when treated with zinc and hy- 
drochloric acid, 

In the 59 cases listed in Table 2 the length 
of exposure ranged from a few minutes to 
two or three days. 


498 


The young man could not be aroused, and no 
pulse could be detected. Artifical respiration was 
tried. A doctor, who arrived at 11:30 a. m., pro- 
nounced him dead. 

B. Autopsy Findings —General Appearance 
There were no marks of violence on the body 
There was a marked lividity of head and shoul 
ders. There was a bloody exudate from the nose 
and mouth. 

Lungs: Both lungs were very edematous, with 
no consolidations. The right lung weighed 925 
gm. and the left 875 gm. On cut section the lungs 
were very friable and exuded a frothy, blood-tinged 
material. There were no areas of organization. 
Venous and arterial channels showed no abnormal- 
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ities, 


major bronchi and bronchioles 


The were 
filled with the frothy exudate described above 
Head : 
no abnormalities. The skull cap was removed, and 
the brain appeared normal in every respect. Sex 
tions of The 


The scalp was dissected away and showed 


the brain showed no abnormalities 


cramal vault was normal 


Heart: This was contracted with no gross ab 


normalities. The valves were normal. The coro 


nary arteries were traced and showed no 


abnormalities. 
Cause of Death: 


cause undetermined.” 


“Acute pulmonary edema, 


V. Brief Description of Acetylene 
Generator Unit 


This unit contained two generators, iden 


tical in construction and operation. They 


Fig. 2.—Acetylene gen 
erator, showing vertical 
tank (7) and lower part 
of hopper (/7) 


Hlarger—S polyar 


Fig. 1 
ing the 
generators 


Building hous 


two acetylene 


were housed in a tower-like structure ( lig. 
1) about 16 ft. long, 12 ft. wide, and 23 ft. 
high, supported on an elevated concrete plat 
form. The building had an upper floor 13% 
ft. above the concrete base, and flush with 
the top of the carbide hopper. 
lifted 


A small elec 
tric hoist the carbide drums to the 
upper floor. The operator used a ladder to 


ascend to the upper level. 


The generator (Fig. 2) is essentially a 


vertical, cylindrical steel tank, surmounted 
by a smaller cylindrical steel hopper. The 
tank is 54 in. in diameter and 6 ft. high. 
The hopper has a volume of 100 gal. (13.4 


cu. ft.) and its funnel-like base communi- 
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cates with the generator tank by means of 


a horizontal pipe containing a screw for 
feeding the lumps of carbide into the water 
of the generator tank. All connections are 
gas-tight. There is a sliding valve at the 
end of the feed pipe, which should be closed 
while refilling the hopper. The top of the 
hopper has a 10-in. hole, closed gas-tight 
with a heavy metal lid and yoke containing 
a thrust screw (Fig. 3). 

At the end of a run the water and sus- 
pended calcium hydroxide are drained from 
the generator tank, and the tank is flushed 
out with water. While the tank is refilling 
with water, to a point about 21 in. from 
the top, the operator recharges the hopper 
with carbide, using one or two drums, as 
needed. Each drum contains 600 Ib. of car- 
bide. The filling of an empty hopper will 
displace about 8 cu. ft. of the hopper gas, 
and takes four to eight minutes. When the 
hopper is open the air in this region has a 
very foul odor of raw acetylene. Having 
filled the hopper, the operator replaces the 
cover and fastens it in place with the yoke 
screw. A complete run of one generator 
takes about 20 minutes, As the hopper con- 
tents are fed into the generator tank the 
volume of carbide used is replaced by gas 
from the generator tank. 
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Fig. 3.—Top of hopper, 
at upper floor level, 
showing removable cover 
and an unopened drum 
of carbide. 


VI. Gas and Air Analyses in the 

Generator Unit 
Methods.—}. 
The viscosity-effusion meter of Harger et 
al.’* was found to function admirably for 
this purpose. The gas flow through the in 
strument is 100 ml. per minute. The acety- 
lene curve is very close to that of ethylene, 
shown in Figure 6 of the paper by Harger 
et al. 


A. Analytical Acetylene : 


The meter used had a base line of 
62 cm. of oil. Pure acetylene gave a ma- 
nometer drop of 244 mm. of oil, so that one 
could estimate less than 1% of acetylene in 
air. The instrument gives continuous, and 
almost instantaneous, readings. 

2. Phosphine: The method used was a 
combination of the hypochlorite procedure 
of Lunge and Cedercreutz and the blood 
phosphate method of Youngburg and 
Youngburg.'® The latter method enabled us 
to determine quantitatively less than 5yg. of 
phosphine in the sample of air analyzed. 

The gas to be analyzed was drawn through 
two gas scrubbers of the type described by 
Yant et al.’7 for determining benzene in air. 
Our scrubbers were somewhat larger than 
those used by Yant et al., being 20 mm. in 
diameter and 10 in. long. Each scrubber con- 
tained 10 ml. of 2.6% sodium hypochlorite 
solution made by mixing equal volumes of 
fresh “Chlorox” and distilled water. The 
gas flow through the scrubbers was 300 ml. 
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per minute, measured by a flowmeter beyond 
the scrubbers. The test period was usually 
five minutes. Any phosphine in the gas is 
quantitatively changed to phosphate. Most 
of the phosphine was caught in the first 
scrubber. At the end of the scrubbing proc- 
ess the contents of the two scrubbers were 
transferred to a glass bottle by applying air 
pressure at the open end of the limb con- 
taining the beads and forcing the solution 
out through the capillary tube limb. Each 
scrubber was then rinsed with two 10 ml. 
portions of water and the rinsings were 
added to the bottle. After the bottle was re- 
turned to the laboratory, the contents were 
transferred to a glass evaporating dish; 3 ml. 
of 20% hydrochloric acid was added to de- 
stroy excess hypochlorite, and the fluid was 
evaporated to dryness. To destroy any re- 
maining traces of hypochlorite, which would 
cause fading of the blue color in the phos 
phate method, the interior of the dish was 
washed down with 5% hydrochloric acid 
solution and the material in the dish again 
The dish and its 
contents were then heated in an oven at 110 
C for an hour to render insoluble any silica 


evaporated to dryness. 


present, since the alkaline hypochlorite con- 
tains a little silicate dissolved from the glass 
container. Next, 3 ml. of water and 1 drop 
of 20% hydrochloric acid were added to the 
dish. The dissolved residue was poured into 
a 10 ml. graduated cylinder. The dish was 
carefully washed out with two 3 ml. portions 
of water and the washings added to the 10 
ml. cylinder. The cylinder contents were 
then made up to 10 ml., mixed well, and 
transferred to a conical centrifuge tube. 
The tube was centrifuged for five minutes 
to throw down any silica present, which 
would give a turbidity. A control, using 20 
ml. of the 2.6% hypochlorite, was processed 
in the same way as the scrubber fluid. An 
aliquot of the clear supernatant fluid from 
the processed scrubber solution was then 
analyzed for phosphate by the molybdate- 
stannous chloride method of Youngburg and 
Youngburg.’® The phosphate standard con- 
tained an equal volume of the supernatant 


Haraer—S polyar 


fluid from the control. No phosphate was 


found in the control fluid. 

3. Hydrogen Sulfide: Since hypochlorite 
reacts with hydrogen sulfide, converting it 
quantitatively to sulfate, a portion of the 
supernatant fluid from the processed scrub- 
ber solution was analyzed for sulfate. This 
was placed in a conical centrifuge tube and 
0.5 cc. of 10% barium chloride solution was 
added. The tube contents were stirred with 
a fine glass rod, and the tube was capped 
and allowed to stand over night. Then the 
tube was centrifuged and the fluid carefully 
drained off without disturbing the packed 
precipitate. About 3 ml. of 
added; the precipitate was stirred into the 


water was 


water, and the tube contents filtered through 
a 15 cc. Pyrex filtering crucible having a 
porosity of F. After the tube was washed 
twice with small amounts of water and the 
washings were filtered through the crucible, 
the crucible was dried at 100 C, cooled in a 
desiccator, and reweighed. A blank was run 
on the control fluid, which was found to con- 
tain a trace of sulfate. 

4. Arsine: In scrubbing the gas to deter- 
mine phosphine or hydrogen sulfide, the hy- 
pochlorite used would also react with any 
arsine present to form arsenate. To test for 
arsine a portion of the processed scrubber 
fluid was analyzed for arsenic by the Gutzeit 
procedure. 

B. Analyses of Gas in Generator Cylinder 
and Hopper—Samples from the cylinder 
were withdrawn from a gas cock near the 
top. For obtaining gas from the hopper, a 
hole was drilled in the cover and this was 
fitted with a small gas cock. Lines of heavy- 
wall glass tubing, with a bore of 2 mm., 
led from the two gas cocks to a three-way 
glass stopcock, so that one could quickly 
shift from one gas line to the other. The 
viscosity-effusion meter was operated almost 
continuously, with intermittent analyses of 
the gas with the scrubbers. The results 
during several runs are shown in Table 3. 

It will be seen that the phosphine concen- 
tration of the hopper gas ranged from 75 
to 95 ppm, the HeS concentration from 14 


501 


4 
i 
} 


1.M 


Results 


TABLE 3. 


Test No Date Gas from 


Hopper 
Hopper 


Near end of generating phase 
Hopper 


A 


Phase of Operating Cycle 


ind tank refilled; hopper cover closed 
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of Analyses of Gas from Generator Tank and Hopper 


Composition of Gas 


Gas Pres 


Acetylene Phosphine Hydrogen 


Sulfide 


Ins. Water 


Ppm 


valve C open; before starting carbide feed 10) “yu 4 14 
3 1/20/53 Hopper Near end of generating phase tit) 7 
4 1/20/53 Hopper 20 minutes after start of generating phase 0.3 52 7 i 
° 1/27/53 Hopper End of generating phase; Valve C still open 3.6 HS 3 0 
6 1/27/53 lank 20 minutes after start of generating phase re; 104) 114 40) 
7 1/27/53 Tank Near end of generating phase 6.0 100 103 As 
8 3/25/53 Tank Tank refilled with water irbide feed not 

y 3/25/53 Tank Carbide feed started; 5 min. after No.8 4.7 1 
10 3/25/53 Tank Tank drained and starting to fill with water 3H a1 7 

Tank Same as No. following No. 10 


to 56 ppm, and the acetylene concentration 
from 32% to 69%. During active genera 
tion, the gas in the cylinder was practically 
all acetylene, which contained an average 
of 110 ppm of phosphine and 52 ppm of 
with 
water, the acetylene content dro Pp] wed to 460% 
50%. 


After draining and_ refilling 
This was due to the introduction of 
air entrained in the water introduced into 
the tank, as shown by analyses with the 
Pauling magnetic oxygen analyzer. 

C. Tests of Air Above Hopper During 
Refilling with Carbide.—Analyses for phos 
phine content were conducted upon the air 
above the hopper during the refilling opera- 
tions. Two types of analyses were employed. 
In the first, we used the gas scrubbers con 
taining hypochlorite. The second procedure 
was to determine the concentration of acety- 
lene with the viscosity-effusion meter, and, 
the hopper gas having been analyzed for 
acetylene, phosphine, and hydrogen. sulfide 
Just prior to removal of the cover, to cal 
culate the phosphine and HeS concentration 
from the concentration of acetylene. In both 
methods the inlet of the apparatus was 
placed about 2 ft. above the hopper opening. 

The hypochlorite scrubbers were used 
during two filling operations where only 
drum of introduced 
each time. The first filling operation took 


one the carbide was 


* Beckman Oxygen Analyzer—Model D 
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the 


phosphine averaged 6.9 ppm. During a sec 


minutes, and concentration of 


three 


ond filling operation which lasted two min 
utes, the average concentration of phosphine 
in the air was 9.4 ppm. 

Results with the viscosity effusion meter 
during three other refilling periods where 
one or two drums of carbide were used, and 
where the period was three to eight minutes, 
showed phosphine concentrations ranging 
from 1 to 14 ppm during each filling period, 
and hydrogen sulfide concentrations ranging 
from 0.4 to 0.9 ppm. 

D. Arsine Content 


of the Raw Acety 


lene.—-The scrubber fluid from one of the 
tests with gas from the generator tank was 
analyzed for arsenic. A trace of arsenic was 
found which corresponded to less than 3 


ppm of arsine in the raw acetylene. 


VII. Operator’s Exposure to 
Toxic Gases 
A. Acetylene.—The acetylene content of 
the air above the hopper during the filling 
to 12. Short 


periods of exposure to such concentrations 


operation ranged from 2% 


of acetylene would appear to be harmless. 
Inhalation of 35% acetylene for some time 
may produce unconsciousness, and 700% to 
800 will give surgical anesthesia. 

B. Hydrogen Sul fide The highest con 


centration breathed was probably less than 


Vol. 18. Dec 


1958 


11/25/52 4.5 44 
2 11/25/52 
| 


TOXICITY LOSPHINI 


10 ppm, and this for only a short period 
Such a concentration of HeS is well within 
the approved safe limit for an eight-hour 
day.'* 

C. Phosphine—— This would depend on 
several factors, including the number of 
hopper fillings per day, air movement near 
the open hopper, and nearness of the opera 
tor’s face to the hopper opening. In our 
tests we found an average phosphine con 
centration of about 8 ppm near the operator's 
breathing level during the hopper-filling pe 
riod. If he ran both generators and con 
ducted the filling operation 15 times daily, 
taking four to eight minutes per filling, this 
would mean an exposure to about 8 ppm of 
phosphine for a total of one to two hours 
each day. Under unfavorable conditions of 
air movement, etc., the daily exposure might 
be greater. One of Muller's rabbits exposed 
two hours daily to 10°) ppm of phosphine 
died 


point should be mentioned. 


One other 


n seven days (Table 1). 
At the time of 
this death, the valve between the generator 
tank and hopper was not entirely closed 
\s the tank filled with water the positive 
gas pressure would cause more gas than 
usual to escape from the open hopper. 

D. Arsine 


thorities 


While industrial hygiene au 


have set the safe limit of 


ppm, 


for continuous exposure it 1S probable that 


upper 
arsine in workroom air as about 0.1 
an exposure to 0.5 ppm for two hours daily 
would be safe. Since the raw acetylene con 
tained less than 3 ppm of arsine gas, and 
since this was diluted at least 10-fold in the 
air above. the hopper, it would appear that 
there was no health hazard from the trace 
of arsine present in this raw acetylene. Fur 
thermore, the symptoms and postmortem 
findings in this case are certainly not those 


of arsine poisoning. 


VIII. Remarks and Conclusions 
A. Experience of Acetylene Plants—A\ 
though very large quantities of acetylene are 
manufactured daily by many plants in this 
country and abroad, we have been unable to 
find a single reported case of death or ill 


Harager 


Spolyar 


ness otf the plant operator of an acetylene 


generator due to inhaling raw acetylene 
While this indicates that the poison hazard, 
if any, is probably slight, it does not exclude 
the possibility that this death may have been 
due to phosphine breathed in the generating 
house. The deceased was young and inex 
perienced and he may have unwittingly ex 
posed himself to concentrations of the 
hoppet Yas which would have been avoided 
by a seasoned Operator The foreman told 
us that when he was personally operating 


the generator and the gas concentration near 


the hopper became too strong, he at once 
went outside the building 
B. Conclusion.-On the basis of our 


analytical results, the case history and post 


mortem findings, and a careful review of 
the literature, it is our-opimion that the most 
probable cause Of this death 1s poisoning 
from phosphine gas inhaled in this plant 
The inhalation of a high concentration of 
icetylene gas during the last attack of faint 


ing may have been a contributing factor 


Indiana University School of Medicine 
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Some Toxic 


Effects of Yttrium and Lanthanum 


Toxiological Studies with Yttrium and Lanthanum Nitrate as Modified by 
Site of Infection and Whole-Body Radiation 


QUENTIN L. HARTWIG, Ph.D.; THOMAS P. LEFFINGWELL, M.A., and GEORGE S. MELVILLE, Ph.D., 


Randolph Air Force Base, Texas 


Observations on the metabolism of orally 
administered compounds of yttrium! and 
lanthanum * have demonstrated that certain 
forms are not appreciably absorbed from 
the gastrointestinal tract in the rat. Tox 


icity is enhanced if either element is 


administered intraperitoneally or intrave 
nously, and it has been reported that a large 
percentage of parenterally administered 
yttrium is retained in the body.’ 

In this era of nuclear reactors, an ex 
plosive accident could subject personnel to 
laceration and impregnation from reactor 
materials, such as fission products from the 
reactor core, while simultaneously exposing 
these persons to substantial doses of ioniz 
ing radiations. Injury resulting from a 
combination of radiation exposure and dep 
osition of, for example, rare-earth fission 
products in the body may have biological 
iunplications not realized if either parameter 
were considered alone. 

This study was designed for the primary 
purpose of investigating elemental toxicity 
of stable isotopes of the fission products 
yttrium and lanthanum. These compounds 
form in 


were administered in the nitrate 
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combination with substantial acute whole 


body exposure to ionizing radiations. 


Materials and Methods 
Male Spra 


gue-Dawley rats used in this experi 


ment from a 
was maintained 


Wayne Lab 


“R” pellets and water ad libitum throughout the 


were obtained in a single shipment 


commercial colony 


supplier. The 


in an air-conditioned room on Blox 


experiment The rats were housed in groups 


numbering less than 20, in cages 


20% 20K 8 u 


measuring 


In the following text, yttrrum has been treated 
as if it were a true rare-earth element to facilitate 
discussion. Yttrium nitrate and lanthanum nitrate 


were dissolved in sterile distilled water immediately 


prior to injection. Intraperitoneal injections were 


made on the ventral surface of the rat about 2 in 


below the rib cage. Subcutaneous injections and 


incisions for wounds were made on the back just 
above or slightly back of the pectoral girdle. Prior 
to all 


injections or incisions, the rats were anes 


thetized witl 


barbital 


intraperitoneal injections of pento- 


(Nembutal) at a dose of 4 mg. per 100 


gm. of body weight 

The wound was formed by scalpel on a shaved 
the back 
the area was painted with thimerosal ( Merthiolate) 
tincture. A 1 in 


earth 


area of Before the incision was made, 
incision was made, and the rare- 


nitrate placed within the wound in 


was 
powder form. The incision was closed by means of 
Holdtite wound clips, and the wound area was 
covered with Spraygel. Clamps were removed one 


week after operation 


Animals exposed to whole-body radiation were 
irradiated with Co” gamma rays at a dose rate of 
800 r per minute. Gamma dosimetry was conducted 
by a halogenated hydrocarbon-dye water-equivalent 
method and gamma 


dosimetry * have been described elsewhere 


The acute exposure facility * 


Results 


Intraperitoneal Injection of Yttrium or 
Lanthanum Nitrate in the Presence and Ab- 
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TREATMENT 


y (NO3)s 


= ONE DEATH) 


y (NO3)5 


DEATHS 


la (NO3)3 
+ 800r 


+ 
800r 


(EACH SQUARE 


la (NO), 


= 


800r 


= 


CONTROL 


4 


4 6 


Fig. 1 


yttrium nitrate or lanthanum nitrate 


sence of The 


carried 


Radiation 


he le- Be dy 


rare-earth radiation program was 


Table 1. Appropriate 
rats were exposed to 800 r of Co® gamma 


out as outlined in 


rays. our hours later, rats in all groups 
were anesthetized with pentobarbital and in 
jected with yttrium or lanthanum nitrate 
with doses of 350 mg. and 450 mg. per 
kilogram of 


body weight 


Death in animals that had received yttrium 


respecti\ ely. 


TasLe 1.—Thirty-Day Lethality in Rats Receiving 
Intraperitoneal Injections of Yttrium and 
Lanthanum Nitrate in the Presence or 
Absence of Ionizing Radiations * 


Y La 
Y (NO Li Con 


+ 800 r NOs), + 800r S00 r trol 


Group J 7/10 4/10 5/10 : 1/10) 0/10 
Group II 9/20 4/20 0/10 


* Ratio shown is the number of animals that died within the 
30-day period to the initial number of animals per group 


radiation treatment began on Day 2 (lig. 
1) and the greatest percentage of deaths 
occurred on Day 3 in this group. Mortality 
followed a similar picture in the lanthanum 
nitrate radiation groups, with deaths slightly 
delayed. Acute whole-body radiation ex- 
posure seems to enhance intraperitoneally 
injected rare-earth toxicity. About twice as 
many rats died in the rare-earth radiation 
group as in those groups receiving only the 
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8 10 12 
DAYS 


Thirty-day lethality in irradiated and normal rats intraperitoneally 


20 22 24 26 28 30 
TREATMENT 


14 16 
POST 


myected with 


rare earths. The combination damage and 
rare-earth toxicity was carried out in two 
separate groups with yttrium (Table 1) 
Thirty days after the treatment, the trend 
Was maintained for a higher incidence of 
mortality in the yttrium-irradiated groups 
than in the group receiving only yttrium 
treatment. X*-Treatment of the combined 
numbers is significant at the 50 level. Al 
though statistical treatment of the individual 
groups did not reveal a high degree of 

(OTSP>05) 


end-point as lethality, there is evidence that 


nificance with as gross an 
either an additive or a synergistic effect may 
be present in the yttrium-irradiated animals. 
The tested be 
cause of inadequate numbers. 


lanthanum group was not 
Subcutaneous Injection of Aqueous Solu 
Yttrium Nitrate, Lanthanum Ni 


trate, Sodium Nitrate, and Normal Saline 


tions of 


Prior to injection, all rats were anesthetized 


with pentobarbital. The subcutaneous in 


2.—Protocol of Subcutaneous Injection 


Study * 


0.9% 
NaCl 
saline 


200 mg 
Y(NO)); 


200 mg 
La(NO,), 


200 mg 
NaNO, 


No. of rats per 
group 


* Total volume for each subcutaneous injection was 1 ml 


Vol 18, Dec ‘ 1958 


NO. RATS - 
PER 
GROUP 
. 
4 30 
| 
‘ 
; 
- 


TOXIC EFFECTS OF YTTRIUM AND LANTHANUM 


jection program was carried out as outlined 


in Table 2. Each compound was dissolved 
in sterile distilled water and injected in a 
volume of 1 cc. As the solution was in 
jected, a welt appeared. Of all animals 
treated in this experiment, only one rat 


receiving yttrium nitrate died (10 days 


after treatment ) Kleven days after treat 


ment. neither sodium nitrate nor saline in 


jected rats exhibited signs of epilation or 
abscess formation, and their appearance was 
normal. At the same time, all rats had been 
injected subcutaneously with yttrium nitrate 
had large abscesses on their backs at the ‘ 
point of injection. No epilation had_ yet a 
occurred, The abscess was firm and could : 
be displaced easily by manipulation An “ 
x-ray (Fig. 2) was taken of the ‘abscess 
caused by yttrium nitrate. A fine line lying 
just beneath the skin can be seen circum 
scribing the yttrium abscess. Thirty-three 
day s after treatment, three of the four sub 
cutaneously injected yttrium rats had large 
definite abscesses (approximately 1.5 in. in 
diameter) with sloughing over an area of < 
3%4 in. in diameter. The fourth rat had a us 
much smaller abscess at the point of in 

jection, but no sloughing or epilation had 

; vet occurred. At no time after injection 


Fig. 2.—X-ray of abscess following subcutaneous). 
sniection of 140 me. of yitriam nitrate did the abscesses seem painful to the animal. 


Fig. 3.— Photograph of 
denuded area on Day 21 
after subcutaneous injec 
tion of 180 mg. of lan 
t thanum nitrate 
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Fig. 4. 
been placed in the incision 
placed 
The 


parently without distressing the rat. 


abscesses could be manipulated, ap 

Rats injected with lanthanum nitrate fol 
lowed a similar pattern. Five days after 
injection, three of the four rats had definite 
but small abscesses at the point of injection. 
The fourth rat appeared normal, and at no 
did occur. 


Twenty-one days after treatment, one of 


subsequent time an abscess 
these animals had a large sloughed area at 
the point of injection (Fig. 3). 

The epilation and slough exposed the 
dermis, but no infection or exudation was 
noted. Twenty-seven days after injection, 
the clinical picture was essentially that of 
Day 21. 

Effect of Yttrium 
Nitrate, and Sodium 
Healing this study, 10 
separately treated with 140 mg. of 
5 with 180 mg. of La(NOs)s, 
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Lanthanum 
W ound 


rats 


Nitrate, 
Nitrate on 


In were 
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OF INDUSTRIAL HEALTH 


Example of retarded -wound healing 15 days after 140 mg. of yttrium nitrate had 
Control is a wound in which 


180 mg. of sodium nitrate had been 


and 10 with 180 mg. of NaNQOs. All of the 
rats were first exposed to 800 r of Co®® 
gamma rays and then anesthetized with 
pentobarbital. Once the incision was made, 
the powdered compound was placed in the 
wound and the incision closed with wound 
clips. Fifteen days after treatment, all of 
the wounds impregnated with sodium nitrate 
were healed, and only a faint scar remained. 
None of the yttrium nitrate and lanthanum 
nitrate impregnated wounds had yet closed 
(Fig. 4) and they were characterized by an 
abscess which—upon sufficient pressure 
would exude a thin plasma-like liquid. One 
later, the yttrium 


nearly healed and only small remnants of 


month wounds were 
scab remained. Most of the hair had grown 
back, and no abscesses could be found. The 
heal 


slowly. There was a slight scab formation, 


lanthanum wounds seemed to more 


but no evidence of infection. Removal of 
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the wound clip from the lanthanum wounds 
was followed by a slow separation of the 
opposing edges such that the incision ac 
quired a prolate appearance. 


Comment 


Heretofore, studies of the rare earth, 
lanthanum, and the rare-earth-like element 
vitrium, have been confined to toxicity as 
modified by compound form and mode of 
entrance into the organism. In mammals, 
only small amounts of orally administered 
compounds are absorbed through the = in 
testinal lining, but large percentages of in 
travenously or intraperitoneally injected 
compounds are retained within the body 
Phe probable hazardous conditions prevail 
ng in the event of a reactor accident are 
not necessarily paralleled by the modes of 
idministration im previous experimental 
work. Personnel exposed to reactor acct 
dents may be simultaneously lacerated by 
reactor structural materials, impregnated 
with fission products (both stable and ra 
dioactive), and exposed to acute doses of 
ionizing radiations——thus creating condi 
tions not previously described. 

Results of this rat study indicate cumula 
tive lethal effects when yttrium nitrate is 
present in substantial amounts the 
veritoneal cavity and the animal re 
celves an acute exposure to ionizing radia 
tion. Two distinct studies in rats receiving 
stable yttrium nitrate plus irradiation were 
iccomplished, Tests for significance were 
not suitable in the groups containing 10 
mimals; however, the group containing 20 
inimals was) significant (O.10>P>0.05) 
and the combination of the 2 groups is 
highly significant (0.05>P>0.02). Con 
sequently, either additivity or synergism 1s 
suggested when yttrium toxicity and whole 
body radiation damage are effective con 
currently. In addition to increasing the total 
number of deaths, the radiation exposure 
appears to hasten death——an effect not en 
tirely unexpected. 

Toxic effects of yttrium and lanthanum 


are more striking when the rare earth 1s 


Hlartwig ef a 


TS OF YTTRIUM AND LANTH. 


INUM 


studied in conjunction with a wound or as 
subcutaneous foreign matter. The presence 
of sodium nitrate in the wounds of whole 
body irradiated rats seemed to have ne ef 
fect on healing. In contrast, yttrium or 
lanthanum nitrate retarded healing for a 
matter of weeks. The obvious implication 
of these results to man is the effect of rare 
earths which may be introduced into lacer 
ations sustained by personnel in the vicinity 
of a reactor accident. Although it is cus 
tomary to clean wounds prior to bandaging, 
knowledge of the wound “inhibitory factor” 
may be beneficial should healing complica 
LIONS ATIS¢ Phe actual bioche mical cause of 
this condition has not been pursued, but it 
has been reported that yttrium injected in 
travenously will cause protein pre¢ ipitation.® 

Subcutaneous localization of relatively 
large amounts of the nitrates of yttrium and 
lanthanum also causes conditions not seen 
with animals treated similarly with sodium 
nitrate. It has been well established that 
vitrium and lanthanum tend to remain at 
the point of injection rather than dissemi 
nating throughout the body. Lazlo et al.® 
studied the diffusion of 0.06 mg. (20ne 
activity) of lanthanum nitrate subcutane 
ously injected into mice, Six davs after the 
subcutaneous injection, 54¢¢ of the activity 


Was recovered from the cutaneous tissues 


excised near the point of injection. while 
only O.5¢¢ of the activity was found in the 
liver of the inimals was some 3000 
times less yttrium than that which we used. 
ind they reported no abscess formation 

It should be kept in mind that the hazard 
potential of any element or compound can 
not be completely evaluated until a vice 
spectrum of tests have been completed and 


Many of the rare earths——he 


evaluated 
cause of their tendency to localize at point 


Of imyjection—are being studied their 


radioactive form as possible 


| therapeutic 


measures mm treatment of cancerous growths. 
Results shown in this paper indicate a need 
for caution, if carrier rare earths are mixed 
with the radioactive element in order to 
modify diffusion, localization, or retention 
in the body 
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Summary 


Yttrium in the nitrate 


form, were administered by various avenues 


and lanthanum, 


to rats, some of which had been subjected 


60 


to whole-body irradiation by Co® gamma 
rays. 

Rats receiving intraperitoneal injections 
of yttrium nitrate plus whole-body exposure 
to ionizing radiation evidenced a_ higher 
mortality (significant to the confidence 
level) than rats receiving either -radiation 
or intraperitoneal of 


injections yttrium 


nitrate alone. 


Subcutaneous of 


injection yttrium or 
lanthanum nitrate caused abscess formation 
and subsequent epilation. No effect was 


noted when sodium nitrate or saline were 
similarly injected into rats. 

The presence of yttrium and lanthanum 
nitrates caused delayed healing of wounds. 
Similar effects were not produced when 
sodium nitrate was administered in the 


Same manner. 


Mr 


sisted in the collection of the data 


Robert Riess and Mrs. Lillian Jordan as 


Louisiana State University School of Medicine, 
New Orleans (Dr. Hartwig). 
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A Study of the Physiological Effects of Carbon Black 


II. Skin Contact 


CARL A. NAU, M.D.; JACK NEAL, M.S., and VERNIE STEMBRIDGE, M.D., Galveston, Texas 


Carbon black, the finely divided carbo 
naceous material resulting from the burning 
as, oil, or both under appropriate con 
ditions and in an inadequate supply of air, 
is developing increasing importance because 
of its increasing demand the rubber 
industry. Our interest in the physiological 
effects of black 
1937, when we first visited various plants 
“black” 


the processes of operation and the condi 


carbon was initiated in 


in Texas producing and observed 
tions under which employees worked. In 
1948 one of the major producers of carbon 
black invited us to make preliminary plans 
for a laboratory and field study of the 
physiological effects of carbon black. In 
1949, five other producers joined with the 
first 


one referred to and, together, they 


suggested a more comprehensive study for 


which they offered technical advice and 


financial support.* 

The first phase of our study, completed 
and previously reported,’ deals with the 
ingestion of various “whole” carbon blacks, 
May 14, 1958 


Medicine and Publi 
Health, Division of Industrial Hygiene, The Uni 


Received for publication 


Department of Preventive 

versity of Texas Medical Branch 
Material supplementary to this article has been 
ADI 
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deposited as Document No. 5752 with the 
Service, Library of Congress, Washington 


\ copy may be secured by citing the Document 
number and by remitting $1.25 for photoprints, or 
$1.25 for 35 mm. microfilm. Advance payment is 


required Make checks or money orders payable to 
Chief, Photoduplication Service, Library of Con- 
gress 

* This 


Company, 


study was supported by Cabot Carbon 
Company, J. M 
Huber Corporation, Phillips Chemical Company, 
Sid Richardson United 


Carbon Company 


Columbian Carbon 


Carbon Company, and 


blacks, 


components, and a known carcinogen in the 


extracted carbon their adsorbed 
“free” 


black. 


The second phase of our study, now com 


state as well as adsorbed to a carbon 


plete, deals with the effect of skin contact 
with carbon black. The same pre xlucts were 
used here as were used in the first phase of 
our study. These “blacks” are considered 
to be representative of all of the “blacks” 
in common use what 


regardless of pro 


ducer makes them. Their properties are 
The possible effect of skin 
black 


investigated extensively, and conflicting and 


well defined.!* 


contact with carbon has not been 


misleading statements are made.*!* 

This report covers our study on skin 
contact with the 
tracted 


“whole” carbon black, ex- 


carbon black, the “free” benzene 
extract of carbon black, a known carcino 
gen, and, finally, a known carcinogen ad- 


sorbed to a carbon black. 


Extent of Program 
lor the 


tion, 


purpose of the “skin contact” investiga 


a group of carbon blacks representative of 
the products made from the 


feed stock materials and by 


various hydrocarbon 
various manufacturing 
processes, were selected 

The types used and properties ot these products 
are given in Table 1 

Animals 


white 


selected for these studies 


CFW 
mice and C3H brown mice, 6 to 10 weeks 
old, white rabbits and 

to 7 lb. The mice were kept in Monel pans— 


10 to each pan in air-conditioned quarters main 


were 


Rhesus monkeys weighing 


tained at a temperature of 78 F and 55% relative 
humidity. They had Purina Dog Chow and water 


available at all times. All pans and bottles were 


three week. The 
mice were painted three times each week with an 
ordinary 1% in. stiff paint brush, the material being 


applied in one stroke up the middle of the unshaven 


cleaned thoroughly times each 
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TaBLe 1.—Types and Properties of Carbon Black Furnished by Various Producers 
and Used in Our Studies *” 


Iodine Benzene 
Surface Extract Volatile Grade 
Supplier Product Parent Nigrometer Area Per Cent pH Per Cent of 
No. No Type Material Index Average Average Average Average Black * 

1 2 Oil furnace Oil residue 90.1 52.7 0.374 9.09 3.53 HAF 

1 1 Oil furnace Oil residue 87.5 184.5 0.15 8.86 3.17 CF 

2 9 Gas furnace Gas 96.0 21.5 0.06 9.69 0.60 HMF 

2 10 Furnace Gas-oil 95.5 28.4 0.07 8.85 1.42 FEF or 

MAF 

2 ll Furnace Gas-oil 90.9 61.7 0.05 9.22 1.29 HAF 

2 2 Furnace Gas-oil 86.8 99.3 0.05 9.02 2.34 ISAF 

3 3 Oil furnace Oils 90.2 76.0 0.053 Y.58 4.51 HAF 

3 4 Oil furnace Oils 04.8 35.5 0.125 9.53 2 ()5 FEF 

4 13 Channel Gas 83.8 108.0 0.00 4.99 5.08 MPC 

5 5 Oil furnace Oils 95.1 35.5 O17 9.08 1.06 FEF 

4 14 Channel Gas 83.6 126.0 0.02 9.00 STC 

special 
i 8 Thermal Gas 104.5 11.5 1.05 7.47 1.04 MT 
combustion 
5 6 Oil furnace Heavy aromatic 9.0 67.7 0.246 9.70 2.46 HAF 
tar plus natural 
gas 

5 7 Gas furnace Gas 99.8 21.7 0.118 9.83 0.69 SRF 

5 15 Oil furnace Oil 90.6 624 0.26 6.72 3.01 HAF 

5 16 Gas furnace Gas 95.0 111.0 0.08 SL 5.18 Ink Black 


* HAF=high abrasion furnace; C F=conducting furnace; HM F=high modulus furnace: FEF =fast extrusion furnace; MAF=me- 
dium processing channel; STC =special thermal channel; MT=medium thermal; SRF =semireinforcing furnace. 


The 


weight of the material applied to 10 mice was 


back from the base of the tail to the neck 


determined, and this value was divided by the num- 
ber of mice painted. Fairly consistent results for 
each application were obtained. All painted mice 
were inspected carefully twice each day. Those 
found to show abnormal signs were isolated and 
killed at such time as was deemed desirable, and 
pathological 


Mice 


were studied in 


a complete gross and microscopic 
study was made of all organs and tissues 
found dead on “routine checking” 
the same manner. 

White rabbits were painted on the shaven ab- 
dominal surface three times each week with 
amounts of test materials determined by weighing. 

Monkeys were painted in four areas—both arm 
pits and both groins—three times each week with 
This 


plan was followed for all materials used 


amounts of materials determined. general 


Animal Painting Experiments 
1. The Painting of “Whole” Carbon Black. 
Various types of “blacks” were applied to the skin 
of mice, rabbits, and monkeys. These types, with 
their properties, can be identified by referring to 
Table 1. 
suspensions, using 1% of aqueous carboxymethyl- 
cellulose (CMC) as the emulsifying agent. The 
oil mixtures were either 20% in cottonseed oil or 
20% in mineral oil. The results are tabulated in 


Table 2. 


Water suspensions were made as 20% 


12 


ur 
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rom the data it can be seen that the 
painting of the whole carbon black of the 
ET and MT types obtatined as products 
No, 5 and No. 8 from supplier No. 5 
(Tablés 2, 4, and 5) produce no changes 
from the normal in C;H mice, rabbits, or 
monkeys even when painted for prolonged 
time in excessive 


periods of quantities. 


There occurred, however, observable tu 
mors (ademona and lymphosarcoma) in a 
few mice painted with the MPC type of 
carbon black obtained from supplier No. 4 
as product No. 13. These did not occur at- 
the site of painting but primarily in the 
gastrointestinal tract (Table 3), 
2. The Painting of Extracted Carbon Black 

One of the typical fast extrusion furnace oil car- 


bon blacks (FEF type) was extracted with hot 
redistilled benzene for 48 hours, using a Soxhlet 
extractor. The extracted “black” was dried and 


a 20% 


and/or 


prepared as suspension in cottonseed oil, 
1% 


agent 


mineral oil, water, using carboxy- 


methylcellulose as an emulsifying These 
suspensions were painted on mice and monkeys 
with the results as given in Table 6 

From these data it is concluded that the 
painting of the extracted carbon black of 


the fast extrusion (FEF) 
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PHYSIOLOGICAL EFFECTS OF CARBON BLACK 


TABLE 3 


The Painting of 


Supplier No. 4, Product No. 13, Channel! Black MPC 


Code No., 
Species, 
and No 
Animals 


M-107 
Monkey 


R-10 
Rabbit 


K-11 
Rabbit 


Cir. 
10C,H 
WCEW 
Mice 


Femak 
Mice 


M-104 
Monkey 


Rabbit 


Rabbit 


air. 44 
20C 
Mice 


44K 
40C 
Mice 
Gr. 74° 
Mice 

10 Female 
Gr. 78 
20 C,H 
Mice 


lotal 
Appli 


cations 


lotal 
Time 


Painted, 


Months 


17 16 


Potal Amount Carbon 
Black Painted 


326.95 gm 


SO°) cooking 


116.03 gm 
cooking 


161.59 gm. 
cooking 


9.477 gm 
cooking 


2.76 gm 
cooking 


947.93 gm 


CMC 79% HOH 


147.0 gm 
CMC 79% HOH 
° 

$23.91 gm 


CMC 79% HOH 


5.44 gm 


>» CMC 79% HOH 


10.68 gm 


CMC 79% HOH 


10.88 gm 


+ CMC 79% HOH 


7.44 gm 


807) mineral ol 


Animal 
Killed 


Bad 
conditio 


20% Whole Carbon Black 


Animal 
Found 
Dead 


in Water or Otl Suspensions 


Significant Gross 
Findings (Changes 


1 mesenteric tumor 


Set aside 13 
ifter 


months 
painting 
topped; then killed 


Was 


Set aside 2 months 


ifter painting 


then killed 


was 
stopped 


Set aside 2 months 


ifter painting was 


topped; then killed 


0 


mesenteric tumor 


Significant 
Pathological 


Findings 


diffuse 


coma 


lymphosar 
1 lymphoblas 
tic proliferation in 
spleen and 
CFW 


lymph 
nodes 


lymphosarcoma of 
colon (CF W 


stitial) 


inter 


squamous-cell ade- 


noma of stomach 


squamous cell ade- 


noma of stomach 


lymphoblastic lym 
pho:arcoma 


CFW) 


spleen 


* On this group we applied benzene as a local irritant before painting 


PARLE 4 he Painting of 10% High Volatile Whole Carbo im Water 


Suspension 


Supplier No. 5 
Code No., 
Species, 
and No 
Animals 


Total 
Time 
Painted, 
Months 


otal 
Appli- 


cations 


Animals Significant 
Found 


Dead 


Animals 
Killed 


Potal Amount Carbon 
Black Painted 


Significant Gross Pathological 


Findings (Changes Findings 
Gr. 95 
40 CH 
Mice 


3.63 gm. il 23 


Nau et al 


01!) 
" 
it Rly 0 l 0 0 
oil 
st) 10 l 0 
oil 
on 
146 12 WwW 1 
oil 
Gir. 87 208 17 7 12 
oil 
‘ 
° 
9 1 0 0 0 
a 
25 0 0 0 
140 12 16 i4 0 0 
| 
226 18 16 8 
1% 
146 12 16 do 0 
: 
147 13 21 Is 1 
5 
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TABLE 5.—The Painting of 20% Whole Carbon Black in Water Suspension After 
Applying Benzene as an Irritant 


Supplier No. 5, Product No. 8, Thermal Black MT 


Code No., Total 


Species, Total Time Animals Sighificant 
and No. Appli- Painted, Total Amount Carbon Animals Found Significant Gross Pathological 
Animals cations Months Black Painted Killed Dead Findings (Changes) Findings 
Gr. 73 145 12 11.14 gm. 16 2 0 0 

20 

Mice 


black leads to no changes from the normal 
with the exception of Group 77, in which 
two lymphosarcomas were found in male 
CFW mice. These did not occur at the site 
of skin application but in the lymph nodes 
and spleen. 


These same findings were not observed 


when this same type (FEF) of carbon 


black (same supplier and the same product ) 
was painted (CFW mice) as the “whole” 
nonextracted carbon black (Table 2). 

3. The Painting of the Whole Benzene Extracts 
of Various Types of Carbon Black2***—Three 


Supplier No. 5, Product No. 5, Furnace Black, FEF 


Code No., Total 


TABLE 6.—The Painting of 20% Extracted C 


high abrasive furnace blacks (HAF), furnished 
by three different suppliers, two fast extrusion 
furnace blacks (FEF), furnished by two different 
suppliers, one medium thermal combustion black 
(MT), one semireinforcing furnace black (SRF), 
and one conducting furnace (CF) black were ex- 
tracted with hot benzene for 48 hours, and the 
extracts (in a water suspension or in a 1% benzene 
solution) were painted on the backs of CsH brown 
and CFW white male mice 
in Table 7. 


The results are shown 


The tumor index is arbitrarily defined as the 
per cent of animals developing tumors from. the 
time painting was started until it had been con 
tinued (three times pér week) for as long as 12 


arbon Black in Oil or Water Suspensions 


Species, Total Time Animals Significant 
and No. Appli- Painted, Total Amount Carbon Animals Found Significant Gross Pathological 
Animals cations Months Black Painted Killed Dead Findings (Changes Findings 

Gr. 80 147 12 9.9 gm, 12 & 0 0 

10 (80% cooking oil) 

10 CFW 

Mice 

M-102 311 2614 562.79 gm. 0 1 Set aside 342 months 1 small-cell sarcoma of 
Monkey (1% CMC 79% HOH) after painting was chest wall 

stopped; then killed; 
one tumor on sternum 

Gr. 42 141 32 6.3 gm. 18 12 0 0 

20 CH CMC 79% HOH 

10 CFW 

Mice 

Gr. 42R 195 16 23.4 gm. 3 17 0 0 

20 C;3H (1% CMC 79% HOH) 

Mice 

Gr. 72° 144 12 12.05 gm. 19 1 0 0 

20 C (1% CMC 79% HOH) 

Mice 

Gr. 7 47 12 7.8 gm. 21 18 0 2 with lymphosarcoma 
20 CFW (80% mineral oil (lymph nodes and 
20 C 3H spleen) (CF W) 
Mice 


* On this group we applied benzene as an irritant before painting. 
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months (being calculated on the basis of the num 
ber of animals not dying from other causes) 
A study of the tables reveals data that 
may be summarized as follows: 
Total Dosage of 


Benzene Extract Final 


Applied, Mg 


Tumor 
Index, % 
Supplier No 
Type HAF 12.7 
5.0 
51.4 
201.7 
Supplier No 

Type HAF 


Supplier No 
Type HAF 


24.0 

52.0 

0 85.0 

that the 
the HALF type carbon 
No. 5 


It appears benzene extract of 
black obtained from 
Supplier has greater carcimogenic 
activity when applied to the skin of C3H 
1% benzene solution) than the 
HAI types obtained from Suppher No. 1 
and No. 3. 
Supplier No. 3 
Type FEF 


mice (as a 


10.8 
21.8 
26.6 
135.0 
Supplier No 
Type FER 27.0 
32.9 
129.0 
201.0 
Supplier No 

Type SRF 


8.9 
15.4 
18.0 
24.0 
132.6 
Supplier No. 1 
Type CF 17.9 
136.6 
Supplier No, 5 
Type MT 117.1 85.0 
It also appears that the extract from the 
FEF types of carbon black are less carcino- 
genic to mice than the HAF, SRE and/or 


Nau et al 


EFFECTS OF CARBON BI 


ACK 


MT types 
carcinogenic effect. 

$ Thy 
the C 
Black 


and 


The Cl type appears to have no 


Chromatographic Separation of Some of 


f the Benzene | 


this 


mponents 
kor 


aluminum 


rtract of Carbon 


purpose columns of silica gel 
oxide were used in the order named 
The total benzene extract was first poured throug! 


The 


washed off the 


the sihea gel column material adsorbed and 


subsequently 


silica gel was found 


to have arcinogenic activity when applied to 


the skin of C,H brown mice. The effluent from 


the silica gel column was then poured on an 


aluminum oxide column. The 
here 


materials adsorbed 
were separated by color separation All 


fluorescent ( 


were 


ultraviolet light with the exception 


of one—which was nonfluorescent and brown 


These components were studied by spectrophoto 


metric methods which revealed one component to 


( Figure) All 


compone nts 


be identical with 3,4-benzpyrene 


aluminum oxide-adsorbed possessed 


carcinogenic activity 


CsH 


Pamting of 


when tested on the skin of 
» mice 

Known Carctnogens, 

Carbon Black.” 


known carcinogens such as methyl 


bree 
and/or Adsorbed t The results 
of painting 
cholanthrene and/or 3,4-benzpyrene in 1% benzene 
solution, -in water or oil suspension on mice were 
compared with results of painting these 
black. The 
Fables 8 and 9 when compared, 
blac k 


reduce 


same 


materials 


adsorbed on carbon 


results 
givell in 
that 


and tl 


reveal 


carbon can adsorb known carcinogens 


ereby their 


effectiveness (compare 
and 95 with Group 46 and Group 


Group 49). 


(sroups $3, $5, 
79 witl 
6. The 


t llul AY) 


Pamting of 
and Hater, 
Ot Mice 


water 


Benzene, 
C ookmg 


painted with redistilled benzene, 


Carhoxymethyl 
Oil and/or Mineral 
wert 
with 10% carboxymethylcellulose, cottonseed 
No 
observed in the painted mice 
Table 10 

Vot Painted.—lt is noted that there 
are 13 mice in the control group (943 mice) which 
The 


incidence here is negligible as compared with mice 


oil, and/or mineral oil the 


The 


changes from 


normal were 


results are shown in 


7. Controls 
developed spontaneous malignant neoplasms 


which were given skin applications of the various 
materials referred to (Table 11) 


Summary 


In mice, rabbits, and monkeys, skin con- 
tact with the whole carbon blacks of the 
FEF, MPC and MT 


significant changes from the normal. 


types, leads to no 


In mice and monkeys the skin application 
of the extracted carbon black leads to no 
changes from the normal. 


24.3 0 
= 
33.0 
0 
CFW and br 
7.0 
( 
10 
44.0 
33.0 
25.0 
25.0 
74.0 ‘ 
0 
7.9 14.0 
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1.000 4 


900 + 


700 + 


OPTICAL DENSITY 


100 + 
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ABSORPTION SPECTRUMS 


of 


cummercial 3, benzpyrene 

—---chromategraph fraction from 
a benzene extract of ar 
HAF carbon biack 

Chromatugraph fraction from 

a benzene extract of oar 

FEF carbon biack 


Solvent) Redistiiied absolute menth 


Spectrophotometer Beckman DU 


T T T 
220 240 260 280 
WAVE LENGTH 


T 


In mice, skin contact with the benzene 
extract of the FEI type of carbon. black 
leads to a high incidence of skin cancer. 
The same is true for the various compo 
nents of the total benzene extract as sepa 
rated by column chromatography. The 
benzene extract from the CF type of carbon 


black produces no skin cancer in mice. 
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T 
300 320 340 360 280 
IN| MILLIMICRONS 


Known “free” carcinogens such as meth 
vicholanthrene and 3.4-benzpyrene will pro 
duce skin) cancer mice when these 
materials are applied to the skin. When 
they are adsorbed on carbon black, the in 
cidence of skin cancer resulting from. the 
skin application of the absorbed carcinogen 


is reduced or abolished. 
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Code No 
Species, 
and No 
Animals 


(ir, 4b 
Mice 
R 


R-4 
Rabbit 


a 300 mg. methylcholanthrene in 600 


> 0.4 meg 


e 300 mg. methylcholanthrene in 600 


CARBON BLACK 


TABLE 8 
Pumor Potal 
Index Total Time 
per Appli Painted, Total Animals 
Cent oations Months Amount Painted Killed 
92 149 12 20.2 mg M4 
methyicholanthrene ® 
SS 160 13 23.58 meg 6 
methyleholanthrene ! 
0 On 21 248.0 mg l 
methylcholanthrene * 
24 21 255.9 me l 
methvicholanthrene 
mw 137 11 23.0 gm 10 
methylicholanthrene ¢ 
sl 8.46 me 1th 
methylcholanthrene in 
1 benzene solu 
tion 
74 7 7.08 meg | 
methyleholanthrene it 
10.075°) benzene solu 
tion 
3,4-benzpyrene 
218 17 27.041 1 
3,4-benzpyrene 
as 1s 31.68 meg 


methylcholanthrene per 


gr 


benzene 


of cooking oil 
am of water suspension, 


gm 


gm. mineral oil 


10.4 mg. of 3,4-benzpyrene per gram of water suspension 
3200 mg. 3,4-benzpyrene in 600 gm cooking oil 


Nau et « 


il 


Animals 
Found 
Dead 


13 


The Painting of Known Carcinogens in Oil and Water Suspensions 


signif nt 
Significant Gross Pathologica 
Findings (Change Findings 
skin changes of 13 show skin squ 
varying degree mous ell 
noma 
showed Kit show skin squa 
changes of vary mous ‘ iv 
ig degree noma 
0 0 
Killed 4 mor 
fter paintir 
topped 
2 howed kK howed skit i 
hanges of varying cinoma 
legree; 1 live I 1 had fibrosarcoma 
toma had grfant 
17 mice showed sk lf 
hanges of ne 
legres 
oma; 2 premalig 
naney 
mice shows k 11 squamous 
} nge of ng r noma 
te ret 
mice showed Sk howed squamous 
hanges of v t carcinoma of 
ree skin; 1 had bron 
chogen ear 
oma of lung 
10 ost 0 
ther st 
n experiment 
10 mice showe k Ss squamous cel 
hanges ¢ rving ircinoma of skin 
‘ 1 metastatic car 
cinon f lung 


3 
Gr. 60 
20 
Mice 
| 
Rabbit 
(ir, 
Mice 
10 Coll 
Mice 
Gr. 32 
10 
Mice 
P 
Gir, 48 
Mice 
Gr. 481 
21 
Mice 
Gr. 
Mice 
: 


TABLE 9.—Known Carcinogens Absorbed on Extracted Carbon Black and 
as Oil and Water Suspensions 


A.M.A 


Supplier No. 5, Product No. 5, Oil Furnace Black FEF 


Code No., Tumor Total 
Species, Index, Total Time 
and No. per Appli- Painted, 
Animals Cent cations Months 

Gr. 43 20 140 12 
10CFW 

20 

Mice 

Gr. 45 44 12 
20 C,H 

10CFW 

Mice 

R-6 0 8% 
Rabbit 

R-7 0 23 be 
Rabbit 


Total 
Amount Painted 


13.08 mg 


methylcholanthrene 


in water 


16.5 mg. 


methylcholanthrene * 


in water 


391.97 mg. 


methylcholanthrene 


in water 


1683.23 mg. 


methylcholanthrene * 


in water 


Supplier No. 5, High Volatile Carbon Black 


Gr. 95 0 222 18 
30 
Mice 


9.48 mg. 


methylcholanthrene 


in water 


Supplier No. 5, Product No. 5, Oil Furnace Black FEF 


Gr. 50 59 153 1214 


20 
Mice 


24.32 mg. 


methylcholanthrene * 


in cooking oil 


Supplier No. 5, Produce No. 5, Oil Furnace Black FEF 


Gr. 79 4 146 12 
20 

20 CFW 

Mice 

Gr. 49 0 156 12 


20 
Mice 


13.22 mg. 


methylcholanthrene ® 


in mineral oil 


30.1 mg. 
3,4-benzpyrene> in 
water 


2 mg. methylcholanthrene per gram carbon black. 
2 mg. benzpyrene per gram carbon black. 
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Significant Gross 


Findings (Changes) 


(Killed 3 months aft- 


er painting was 
stopped); 1 mesen- 
teric tumor; 3 skin 
changes of varying 
degree 


Killed 4 months 


after painting was 
stopped); 6 mice 
showed skin chang- 
es of varying de- 
gree; 2 lung tum- 
ors; 11 liver 
tumors, 2 mesen- 
teric tumors 


(Killed 2 months) 


10 mice showed skin 


changes of varying 
degree 


1 omental tumor 


Painted 


Significant 
Pathological 
Findings 


1 squamous - cell 
earcinoma of skin 


2 skin squamous- 


cell carcinoma; 1 
skin squamous-cell 
carcinoma plus 
metastatic lung 
carcinoma; | malig 
nant lymphoma 
and squamous-cell 
carcinoma; 3 hepat- 
ice-cell carcinoma 


6 squamous-cell car- 
cinoma, Grade 1; 
2 squamous - cell 
carcinoma, Grade 
2; 2 squamous-cell 
earcinoma, Grade 
3; 1 lung metastatic 
carcinoma 


lymphoblastic sar- 
coma of lymph 
node (CF W) 
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Animals 
Animals Fousd 
killed Dead 
13 
: 
0 0 0 
1 0 0 
3 27 0 ) 
23 17 1 
. 8 12 0 0 
a 
b 
18 
et 


Code No., 
Species, 
and No. 
Animals 


Gr. 9 
10 CH 
Mice 


Gr. 9A 

1 CFW 
25 C,H 

Mice 


Gr. 75 
20C 
Mice 


Gr. 83 
C,H 
Mice 


Gr. 
2c 
Mice 


(Gir. S4 
5C 
Mice 
Gir. S4R 


Mice 


Tumor 
Index, 
per 
Cent 


PHYSIOLOGICAL EFFECTS OF CARBON BL. 


Controls: 


Total 


Amount Painted 


8.9 gm 


benzene 


11.9 gm. 


benzene 


18.5 gm. 
benzene 


gm 
water 


36.6 gm. 


water 


4.51 gm. 
cooking oil 


47.2 gm. 
cooking oil 


68.12 gm 
mineral oil 


Painting vf Solvents Used 


Animals Significant 


Animals Found Significant Gross Pathological! 
Killed Dead Findings (Changes Findings 
5 ) 0 
17 2 0 0 
4 21 0 0 
4 ‘ 0 0 
1 23 1 mouse showed 1 skin ulcer 


skin changes 


* Painted once a week for 4 months; three times per week thereafter 


Painted once a week for 2 months; three times per week thereafter. 


Code No., 
Species, 
and No 
Animals 


Control 
Mice 
043 
CFW's 
C H's 


Nau et al 


Tumor 
Index 


per 


Cent 


TABLE 11 


Total 
Amount Paints 


Controls—Not Painted 


Animals j 
al Significant 


Animals Found Significant Gross Pathological 
Killed Dead Findings (Changes Findings 
SOS 135 


Skin—6 malignant 
neoplasms 
spleen—1 malignant 
neoplasm 
liver—6 malignant 
neoplasms 
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Total ao 

Total 

Appli- Painted, 

cations Month 

0 108 128 

— 

0 206 7 

0 179 15 pa 

‘ 

Gr. 0 208 17 | 3 22 0 0 
15 CH 
10 CFW 
Mice 

Total Time : 


A 


Conclusions 


1. Carbon blacks as manufactured and 
used produce no observable harmful effects 
following skin contact. 

2. Carbon blacks have adsorbed a com 
ponent which, when free, and applied to 
the skin of mice, produces skin cancer, The 
adsorbed component is ineffective as a 
carcinogen, 

3. Carbon blacks can adsorb effectively 
known carcinogens such as methylcholan- 
threne and 3,4-benzpyrene and by such ad- 
sorption do eliminate or reduce the 
carcinogenicity of these substances. 


Technical assistance was given by Nelda An 
drews, Star Metzger, Deloris Wright, and N. D 
Schofield, M.D. 
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The Biotransformation of Benzidine (4.4'-Diaminobi- 


phenyl), an Industrial Carcinogen, in the Dog. I. 


LOUIS J. SCIARINI, Ph.D., and J. WISTER MEIGS, M.D., New Haven, Conn. 


Introduction 


In a program designed to study the car 


cinogenic potentialities of benzidine and 
some of its 3,3’-disubstituted analogues as 
industrial hazards it was deemed necessary 
to investigate further the biotransformation 


and the urinary metabolites of these aro 


matic amines in experimental animals and . 


in. man. 

Klingenberg ' in 1908 claimed that benz1 
dine was eliminated unchanged in the dog’s 
urine, while Adler? had reported in 1907 
that a diaminodihydroxybenzidine ( bigure, 
Il) was rabbit. 
becker * in 1920 reported similar findings. 


formed the Kuchen 
The experimental results of Weber and 
Heidepriem* in 1928 indicated that after 
injection of benzidine into dogs, benzidine 
was eliminated in the urine unchanged and 
partly in conjugation as both the ethereal 
(IT). 
More recently, in 1947, Goldblatt ® has sug 


sulfate (///) and the glucuronide 


gested that benzidine in the rat is excreted 
as the free base and as the acetyl derivative 
(V1). Baker® in 1950 
isolated and identified from pooled urine 


claimed to have 
of men exposed during manufacture the 
unchanged benzidine, 


(11) 


following: dihy 


droxybenzidine and 


(V). 


In 1953 Baker and Deighton? in distri 


o-aminophenol 


bution studies in the body of the whole rat 


reported recovery of 93% of the dose in- 


Received for publication April 23, 1958 
grant 


Public 
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From the Section of Occupational Health, De 
Public Health, School of Medicine, 
Yale University. 


partment of 


jected after 4+ hours, and 68 after 12 


hours as diazotizable material, 

In recent years Engelbertz and Babel 
carried out experiments to demonstrate the 
metabolic products of benzidine in the urine 
of workers engaged in its manufacture as 
well as in dogs and rabbits given benzidine 
by injection. Their studies suggested the 
presence of 4-amino, 


(177, 17) im dogs as well as in man. 


+-hydroxybipheny! 


and mono- and diacetylbenzidine 


In this report evidence will be offered 


that, after injection of benzidine base in 
the dog, the urine contains, in addition to 
free benzidine, 3-monohydroxybenzidine 
The 


presence of monoacetylbenzidine and di 


conjugated with sulfuric acid! (X). 


acetylbenzidine could not be clearly demon 


strated these experiments, although 
acetylation is reported to occur in dogs 
Allison. states 


that 2-acetylaminofluorene can be identified 


conditions. 10 


under certain 
by ultraviolet analysis following injection 
of 2-aminofluorene into dogs. The 3-mone 
hydroxybenzidine metabolite isolated 
either on direct hydralysis of the urine or 
from the }3-hydrogensulfate of benzidine 


obtained by butanol 


Verifica 
tion of its composition was made by anal 


extractions. 


ysis and by comparison of its properties 
with that of synthetically prepared 3-mono- 
hydroxybenzidine ''!* (Table 1). A quan- 
fate of 
benzidine in the dog is also presented, 


titative balance of the chemical 


utilizing 3-monohydroxybenzidine as a 
standard. Large doses of benzidine were 
used in these experiments to provide suffi- 
cient metabolite for positive chemical iden- 
tification. Qualitative and quantitative data 
on the biotransformation of benzidine to 


521 


nt 
7 
“3 


NHo 


> NHo 
Benzidine 


NHo NH» 


OH OSO3H 
OH OSO3H 


NHo qm. NHo Ww. 
3,3:Dihydronybenzidine  Benzidine3,3-hydrogensulfate Benzidine 3,3-glucuronide 
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OCG 


NHo 

Metabolism of benzidine ac- 
cording to various theories 


NHCOCHS NHCOCH, described in the literature 
NHo 
OH 
NHCOCH3 ur. NHo 
O-Aminophenol Diocety!ibenzidine Monoacetylbenzidine 
NHo NHo NH» 
OH OSO3H 
OH NHo x. NHo 
4-Amino,4-hydroxybipheny! 3-Hydroxybenzidine Benzidine,3-hydrogensulfate 


3-monohydroxybenzidine in the urine of 
other laboratory animals, and in men ex- 
posed to its preparation, where acetylation 
occurs, will be presented in another commu- 
nication. Findings to date in other species 
with various dosage levels confirm in gen 
eral the patterns reported here. 


Experimental 

General Procedures.—The benzidine base 
for injections was prepared from benzidine 
dihydrochloride as follows: The technical 
product was dissolved by heating in distilled 
water and filtered through a mat of char- 
coal. After the solution cooled it was 
carefully neutralized with ammonium  hy- 
droxide. The base obtained was _ filtered, 


5)? 


washed with cold water until the wash 
ings were neutral, and recrystallized from 
ethanol. 

The purified benzidine was administered 
by intraperitoneal injection to mongrel dogs 
weighing about 10 kg. each and housed in 
metabolism cages. The dose of 100 mg. of 
benzidine per kilogram of body weight was 
administered in a gum tragacanth suspen 
sion. Urine samples were collected for at 
least one day prior to injection to provide 
control values for the chemical determina- 
tions. The dogs were maintained on a diet 
of Purina Chow. As the animals usually 
experienced vomiting within the first 24 
hours of the administration of the 100 mg. 


dose of benzidine per kilogram of body 


lol 18 De 1958 


NHo 

} 


BIOTRANSFORMATION OF BENZIDINI 


weight, food was withheld during this pe- 
riod; water, however, was given after eight 
hours. Whenever possible, urine specimens 
were collected soon after voiding and were 
filtered and pooled for each 24-hour period 
and stored at 3-5 C before analysis. 

Methods. 


methods, the chloramine-T 


Analytical Three analytical 
test, the diazo 
tization and coupling reaction with Bratton 
and Marshall's reagent, and the nitrous 
test were used individually and in combina 
tion to estimate quantities of benzidine and 
its metabolites the various solutions. 
These methods were chosen because each 
tests a different portion or arrangement of 
the molecules. Chloramine-T reagent was 
used for the determination of benzidine 
after extraction of the benzidine with ethyl 
acetate. The diazotization 


and coupling 


procedure was used either directly on urine 


or on the solvent extract to determine ben 
zidine as well as some of its metabolites. 
The chloramine-T test is very sensitive for 
much less sensitive for 


benzidine and 


3-monohydroxybenzidine, 3,3’-dihydroxy 
zenzidine, and o-aminophenol. The conju 
gated forms of these latter compounds are 
not easily extractable with the common 
solvents. Dihydroxybenzidine, when added 
to a urine sample, was not extracted suc 
cessfully from the urine with any solvent. 
The nitrous acid test and the diazotization 
and coupling reactions were used separately 
and in combination to determine — the 
amounts of conjugated metabolites. 

The nitrous acid test was used to measure 
an arylamine substituted in the ortho- posi 
tion with a hydroxyl group or with an 


With this 


yellow color is produced. With an ethereal 


ethereal sulfate group. test, a 
sulfate, the sulfate group is removed during 
Mono- 


dihydroxybenzidine, 


the interaction with nitrous acid." 
hydroxybenzidine, 
o-aminophenol, or the ethereal sulfates of 
any of these give a positive nitrous acid 
test. When the same quantity in micro- 
grams of any of these three is added to 5 
ml. of urine and the nitrous acid test 1s 
performed, the approximate color ratio is 


Sciarini—M eigs 


monohydroxybenzidine dihydroxybenzt 
dine 2 : o-aminophenol 1. 

The diazotization and coupling procedure 
should measure benzidine, 3-monohydroxy 
benzidine, and its conjugated metabolic 
products, either the ethereal sulfate or the 
Under the conditions 


glucuronide. used 


3,3’-dihydroxybenzidine and o-aminophenol 
cannot be measured directly by diazotiza 
tion and coupling; however their glucu 
ronide derivatives should be measured 
under the appropriate conditions.” 


\ itr MS Test 


or less, depending on the concentration, Was 


A sample of 1 ml 


diluted to 5 ml. with distilled water in a 
Klett tube. 
0.1 N HCl was added and the solution was 
Klett 440) mp 
(blue filter) to account for the background 


colorimeter One milliliter of 


read in the colorimeter at 


of the urine or extract if it was colored. 
To the solution was next added 1 ml. of 
0.2% 


low color developed, was measured in two 


solution of sodium nitrite. The yel 
or three minutes, and compared with a 
previously prepared standard curve. Acetic 
acid can be substituted for 0.1 N HCl. This 
produces a more intense yellow color with a 
given amount of amine, so that more sensi 
tivity can be obtained if desired. 

Ethereal Sulfates—The turbidimetric 
method of and Crutchfield 


adapted and modified for the estimation of 


Treon was 
the ethreal sulfates of benzidine by substi- 
tuting, in place of the acid hydrolysis for 
the total sulfates, the splitting with nitrous 
acid of the hydrogen sulfate linkages of the 
ethereal sulfate present. 

The following procedure was used to 
obtain the blank value: To 10 ml. of urine 
in a 100 ml, volumetric flask 1 drop of alco- 
holic methyl orange indicator was added 
and the liquid made faintly alkaline with 
N NaOH. The urine was faintly acidified 
1:4 HCl and then 1 ml. of the 1:4 


acid added. The volume was then made up 


with 
to 100 ml. with distilled water. Aliquots 
containing not more than 300 mg. of sulfate 
were transferred to Klett colorimeter tubes 
and the volume brought to 10 ml. by addi- 
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tion of distilled water. A blank value was 
obtained for the content of the tube in the 
Klett colorimeter using a 540 my (green 
filter) ; then 50 mg. of ground barium chlo- 
ride was added. After mixing, the turbidity 
was determined in the colorimeter. 

For the estimation of the ethereal sulfates 
of benzidine the same procedure was used, 
of NaNOzg was added to the tubes prior to 


with changes as follows: 2 ml. of 
bringing the volume to 10 ml. The tubes 


were allowed to stand a few minutes to 
insure the hydrolysis of the ethereal sulfate 
and 


then carried through the above procedure. 


due to the metabolites of benzidine 

The values obtained, after corrections for 
blank values, were compared with readings 
obtafed 


with known amounts of SO, as NaeSQO, 


following the above procedures 


analyzed simultaneously as standards, and 
with the same acidity. 

Diazotization and Coupling.—The meth- 
od of Bratton and Marshall !? for the deter 
mination of sulfanilamide was adapted for 
the determination of benzidine and 3-mono 
hydroxybenzidine and the procedure used 
was as follows: Aliquots of diluted urines 
containing 5 to 30ug. of diazotizable ma 
terial in Klett tubes 
luted to 4 ml. with distilled water. Then 
1 ml. of 0.1 N HCl was added, followed by 
1 ml. of 0.1% NaNOs, and the tubes were 
allowed to stand at 


colorimeter were di 


room temperature for 
approximately minutes to diazotize. 
Next was added 1 ml. of 0.566 ammonium 
sulfamate to destroy the excess of nitrite. 
After five minutes standing 1 ml. of 0.107 
solution of (1-naphthyl)-ethylendia 
mine dihydrochloride was added and the con 
tents mixed. The blue color that developed 
was usually measured after 30 minutes in 
the Klett colorimeter with the green filter. 
The readings were compared with appro 
priate standards of benzidine or 3-mono 
hydroxybenzidine (the color ratio between 
the two compounds is approximately 1 

0.87). 


ored, a blank reading was taken before the 


When the urine samples were col 


final addition of the coupling reagent, and 
was taken into account in the calculations. 
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Glucuronide.-lor the glucuronide deter- 
mination in the urine the Tollens test as 
modified by Deichmann !* or by Fishman 


et al.'’ was found to be satisfactory. 


Isolation Experiments 


experiments on the isolation of un 
changed benzidine and its metabolic prod 
ucts from dog urine 


24 he 


following the administration (injection) of 


ere performed mainly 
on the first specimens collected 
100 mg, of benzidine per kilogram of body 
weight. 
Benzidine.—The urine was adjusted to 
pH 9 with aqueous NaOH and was ex 
tracted three half 
times its volume of ethyl acetate by me 


times with one and a 


chanical shaking for 30 minutes each time. 
The solvent extracts were washed with dis 
tilled water and extracted with a few milli 
liters of N HCl. Upon the addition of 
sodium sulfate to the 


combined hydro 


chloric acid extracts, a crystalline 
The precipitated 
benzidine sulfate was filtered off. washed 


cold 


dried in vacuo. 


pre 


cipitate Was” obtained. 


with water, rinsed with acetone and 
A good yield for the esti 
mated quantity present was obtained. For 
example, from a 500 ml. pooled sample of 
urine of two dogs collected on the first day 
after injection, and containing 140 mg. of 
benzidine, as estimated by the chloramine-T 


test, 190 mg. of benzidine sulfate was iso 
lated, 


Anal. Caled, for 434.03. 
ound: S¢ )4,34.06, 


When, from the benzidine salt, the free 
base was prepared by neutralization and 
reerystallization from alcohol the melting 
point was 128 C and the mixed melting 
point taken with synthetic benzidine was 
not depressed. The hydrochloride extracts 
from ethyl acetate were oceasionally 
analyzed colorimetrically with the tests out 
lined above, and the results obtained in 
that 


There was no positive indication that mono- 


dicated this fraction was benzidine. 


acetylbenzidine was present; however, the 
method would not detect small amounts. 


— 
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3-Monohydroxybenzidine._The extracted 
urine was next subjected to hydrolysis. A 
345 ml. first-day specimen from one dog 
from which 190 mg. of benzidine was re 
covered, was gently refluxed with 60 mi. 
of concentrated hydrochloric acid for 30 
minutes. On cooling, the solution was ad 
justed to pH 9 with 20% sodium hydroxide 
solution and was extracted with 500 ml. of 
ethyl acetate. After the solvent was washed 


with water, it was extracted with a few 
milliliters of N- HCl, and sodium sulfate was 
added to the extract. The precipitate was 
filtered, washed with water, and rinsed with 
acetone. The yield was 380 mg. of white 
precipitate. The crude 3-hydroxybenzidine 
sulfate was purified further by repeating 
the above procedure. 

Anal. Caled. for ; 
H 4.73 9.39 ;SO4,32.20. Found: C,48.17; 


H 4.48 9.12 ;SO4,32.18,. 

The free base, obtained by neutralization 
and crystallization from ethanol and water 
melted at 185 C with decomposition, and 
mixed melting point determinations of the 
isolated and synthesized 3-monohydroxy 
The 


infrared absorption spectra of the 3-mono 


benzidine gave depression.!* 
hydroxybenzidine sulfate salts were similar 
and had maxima at 3400, 3000, 2600, 1613, 
1588, 1500, 1300, 1210, 1100, 915, 815, and 
765 cm.~! 

Nature of the Conjugation of 3-Mono 
hydroxybenzidine.—The nature of the iso- 
lated 3-monohydroxybenzidine was studied, 
and an attempt was made to demonstrate 
the possible presence of dihydroxybenzi 
dine, either as the ethereal sulfate or the 
A portion, 200 ml., of the 


first-day urine of a single dog ( following 


glucuronide. 


benzidine injection) was extracted three 
times to insure removal of the unmodified 
benzidine. The sample was next hydro 
lyzed with 50 ml. of concentrated hydro- 
chloric acid, and extracted indicated 
above in the isolation of 3-monohydroxy- 
benzidine. From the analytical data in 
Table 1 it can be seen that the values ob- 


tained with the various determinations prior 
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Taste 1.——Analysis of Dog Urine (Following 


Removal of Benzidine) Before and After 
HCl Hydrolysis 
Values expressed as 3-hydroxybenzidine 
After 
Hydrolysis 
Before and 
Ilydrolysis, Extraction, 
Mg Mg. * 
Nitrous acid test (A 88 (D 
Sulfate determination 94 (B 
Diazotization and coupling 91 (C 89 (E 
Monohydroxybenzidine isolated 80 (F 


* Values 
by adding to 


ifter hydrolysis corrected for a 25% loss established 


urine 3-monohydroxybenzidine and treating 


simultaneously in the same manner. The use of small volumes 
of urine and milder hydrolysis eliminated this 25°) loss, The 
colorimetric results from these smaller samples were quantita 


tively similar to those given in this Table 


to and following hydrolysis are quite 
similar. ° 

The results shown in Table 1 indicate 
that all or almost all of the benzidine 


metabolite measured in these experiments 
was present as 3-monohydroxybenzidine or 
its ethereal sulfate. On theoretical grounds 
several metabolites might have been present 
in addition to 3-monohydroxybenzidine or 
the 
3-monohydroxybenzidine, 


its ethereal sulfate. These include 
glucuronide of 
and also 3,3’-dihydroxybenzidine and_ its 
ethereal sulfate or its glucuronide. 

The following lines of reasoning support 
the presentation of Table 1 as representing 
3-monohydroxybenzidine or its ethereal 
sulfate 

1. Dihydroxybenzidine: As indicated in 
the footnote of Table 1, there was a 25% 
loss in 3-monohydroxybenzidine values fol 
lowing acid hydrolysis with concentrated 
HCl for 30 minutes at 100 C. 
hydrolysis of synthetic 3,3’-dihydroxybenzi 


Similar acid 


dine destroyed it completely. If any signifi 
cant quantity of dihydroxybenzidine was 
(D) (FE) (F) in 


(after hydrolysis) would have 


values and 


Column 2 


present, 


been lower by the amounts of dihydroxy 


benzidine destroyed. There is another line 


of reasoning which indicates the same con- 
The 


reaction can be used to measure 3-monce- 


clusion. diazotization and coupling 
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free 
amino group at one end of the molecule. 
However, 3,3’-dihydroxybenzidine under the 
same conditions cannot 


hydroxybenzidine because it has a 


be diazotized and 
coupled, presumably because the hydroxyl 
groups ortho- to the amino groups interfere 
with this Column 1 of Table 1 
shows that the nitrous acid test (A), sulfate 
determination 


reaction. 


(B), and diazotization and 
(C) all 
amounts of benzidine metabolite expressed 
any sig- 
nificant quantity of 3,3’-dihydroxybenzidine 
had the 


coupling (FE) would 


coupling test showed similar 


as 3-monohydroxybenzidine. If 


been present, diazotization and 


have indicated con 
siderably less metabolite than the nitrous 
acid test (D) after hydrolysis. 

2. Glucuronide of 3-Monohydroxybenzi 
dine: The table also suggests that little or 
no glucuronic acid derivative of 3-mono 
hydroxybenzidine was present in these ex 
periments. This conclusion is based on the 
assumption that the glucuronide of ortho 
aminophenol would not contribute yellow 
color with the nitrous acid test. This test 
depends on the splitting off of the ester, 
and nitrous acid is not a strong enough 
Be 


cause of this, the glucuronide of ortho- 


acid to split the glucuronide linkage. 


aminophenol can be diazotized and coupled, 
since the glucuronide ester linkage leaves 
the amino group to the 
coupling agent. Although the glucuronide 
of 3-monohydroxybenzidine has not. been 
available, it should react to the nitrous acid 
test the coupling 
reaction in the same way as its component 
parts, 


free react with 


and diazotization and 


orthoaminophenol and aniline.!® 
Thus it should not give an intensified yellow 
color with nitrous acid, while it should give 


a blue color comparable to that given by 
an equal amount of benzidine with Bratton 


and = Marshall If significant 
of the monoglucuronide were 
present, the value of Column 1, Table 1, for 
diazotization and coupling (C) should be 
definitely larger than that for sulfate de- 
termination (B) or the nitrous acid test 
(A). In Column 2 any substantial amount 


reagent. 
amounts 


of this glucuronide should give a larger 
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nitrous acid test (D) and diazotization and 
coupling (12), since the HCl hydrolysis was 
strong enough to have split the glucuronide 
linkage. 

3. Glucuronide of 3,3’-Dihydroxybenzi 
dine: If significant amounts of the diglu 
curonide had been present, the value (C), 
Column 1, would have been greater than 
the 


nitrous acid test (D) and the diazotization 


(B) or (A). By contrast, in Column 2, 


and coupling reaction (I.) would have been 
smaller (C) Column 1 
dihydroxybenzidine would have been de 
stroyed by HCl hydrolysis. 
of in 
urine following benzidine injection failed 


than in because 
Finally, direct 
determinations glucuronide dogs’ 
to show conclusive changes. 

Extraction of 3-Hydrogensulfate of Ben 
zidine.-—The ethereal sulfate of 3-monohy 
droxybenzidine could be extracted from the 
urine of dogs injected with benzidine by 
the use of butanol, A sample of urine, 450 
ml., freed from unchanged benzidine by 
ethyl acetate extractions, and containing 
271 mg. 3-monohydroxybenzidine as 
measured with the aid of the nitrous acid 


of 


test, was subjected to six butanol extrac 
tions. The alcohol extracts dried over an 
hydrous sodium sulfate were evaporated to 
dryness. The residues were combined and 
brought to 200 ml. with distilled water and 
reextracted with butanol After 
one more such purification the final residue 
was taken up in 25 ml. of distilled water 


six times. 


and the 3-hydrogensulfate precipitated with 
a few drops of concentrated hydrochloric 
the cold. The precipitate 
filtered, washed with acetone, and dried in 


acid in was 
vacuo. One hundred sixty-five milligrams 
of crude ethereal sulfate was obtained. The 
ethereal sulfate on hydrolysis yielded 3 
monohydroxybenzidine and was precipitated 
as its sulfate salt. The 3-monohydroxy 
benzidine sulfate compared favorably with 
the synthetic preparation. 

Anal. Caled. for 
SO,4,32.20. Found: SO,4,32.26. 

Acetyl Derivatives——As determined by 
with synthetically 
prepared monoacetyl and diacetylbenzidine 


solubility experiments 
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TABLE 2 


Bensidine Recovery from Dog Urine kollowing Intraperitonea 


Injection at Different Dosage Levels 


Dose Administered 


ig. per kg. body weight 
Kocovery in 24 hrs., per cent 


the acetylated product should be extractable 
quantitatively by ethyl acetate with the un 
metabolized benzidine. While monoacetyl 
benzidine, like benzidine, should be further 
extractable with HCl, the diacetyl 
benzidine should remain in the ethyl acetate 
fraction, 

When the acid extract was analyzed by 
diazotization and coupling before and after 
hydrolysis with 1:4 HCl for 40 minutes in 
boiling water, no difference in color was 


found. This provided no evidence for the 


presence of monoacetylbenzidine but would 


not exclude a small amount. 

lor the detection of diacetylbenzidine 
four samples of 200 ml. or more of dog 
urine were used. These were collected after 
100 


benzidine per kilogram of body weight. The 


intraperitoneal injection of mg. of 


extracted several times as 


The 


orated to dryness and dissolved in 15 ml. 


samples were 


indicated above. solvent was evap 
of alcohol and analyzed before and after 


hydrolysis. It was noted that some benzi 
dine or partly oxidized benzidine was. still 
present with fatty substance that made the 
color development slow and difficult to read. 
The differences before and after hydre lysis 
in color development were small. If di 
acetylbenzidine was present, the quantity 
was not more than 100ug. per dog per day, 
or 0.01% of the total dose. 


Quantitative Results on the Fate of 
Benzidine in Dogs 

Benzidine after intraperitoneal injection 
is recovered in dogs’ urine from about 2% 
up to 9% as unmetabolized benzidine, with 
doses ranging from 0.020 mg. to 100 mg. 
per kilogram of body weight. In experi- 
ments performed with doses of 100 mg. 
per kilogram of body weight, benzidine 
was detectable and could be estimated in the 


Sciarini—M eigs 


urine of the dog up to seven days after 


administration. With decreasing doses the 


time of detection in the urine was com 


the 
minimum dose of 20ug. was detectable only 


paratively diminished: for example, 


in the first voiding of urine. The results 
on benzidine recovery in 24 hours follow 
ing different dosage levels, are presented in 
Table 2 


kg. each 


Dogs weighed approximately 10 


Iexperiments performed on the feces of 
the dog after injection of 100 mg. benzi 
dine per kilogram of body weight indicate 
that about 14, of the benzidine found in 
For the 
the 


to 50% 


the urine is found in the feces. 


metabolite 3-monohydroxybenzidine 
urinary recovery varied from 25% 
The 
that of 
Table 
quantitative balance of the fate of benzidine 


dose administered excretion 


of the 


pattern was similar to benzidine, 


with a slight time lag. 3 gives a 
in dog urine, utilizing 3-monohydroxybenzi 
dine as a reference c nip und. Results for 


3 monohydroxybenzidine were converted 
and are expressed in the table as milligrams 
of benzidine. 

The 
experiments amounted to about 7% of the 
the metabolized 


benzidine was approximately 47%, bringing 


free benzidine recovered in these 


dose administered, while 


the total recovery to 54% after three days. 


TasBLe 3.—Benzsidine Fate in Dogs 


Tentative Balance * 
3-Hydroxybenzidine 
Free By Diazotization 


Benzidine, and Coupling, 
Mg. Mg. 


By Nitrous 
Acid Test, Mg 


68.0 336.0 351 


3.8 91.7 
1.3 42.7 40 


* Average of four dogs, each injected with 1 gm. of benzidine. 


100 25 20) 0.5 0.25 02 0.1 0.05 0.02 
6s 3.3 41.0 1.7 3.9 a) 2.7 3.2 64 4.0 7.0 2.0 bias 

= 

Day 
2 
- 
3 g 
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Ore. 
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As can be observed, the benzidine is ex- 
creted for the major part in the first days 
after injection, and further analysis of the 
subsequent days would not have increased 
the percentage recovered significantly. As- 
suming (from experiments cited) that 10 
of the administered benzidine is excreted 
by the bowel, about two-thirds of the ad- 
ministered dose has been accounted for in 
these experiments on dogs. The fate of the 
remainder is unknown at this time. 


Comment 
The recognition by Kennaway and 
Cook et al.*! that specific pure compounds 
such as 1,2,5,6-dibenzathracene might cause 
animal cancer under certain conditions has 
resulted in extensive search for specific 
carcinogens. A number of pure compounds 
have been discovered, notably 3,4-benzpy- 
rene and methylcholanthrene, which regu- 
larly cause cancer at the site of application 
in most tissues of most mammalian species 
when they are suitably applied. Paradoxi- 
cally, several pure compounds believed car- 
cinogenic for man have never been shown 
to produce cancer in animals at the site of 
application. The manufacture of $-naph- 
thylamine and p-aminobiphenyl has been 
associated with excessive bladder cancer in- 
cidences among men exposed these 
compounds in the manufacturing process. 
3enzidine manufacture has similarly been 
associated with bladder cancer among work- 
men. In the case of B-naphthylamine and 
p-aminobiphenyl, administration of the pure 
compound to dogs has been followed in 18 
months to 3 or more years by the develop- 


ment of bladder carcinomas. 


to 


However, ex- 
periments with benzidine have not been as 
conclusive. Dogs have tolerated large doses 
(10-100 mg/kg.) daily in their food for two 
to five years without developing bladder 
tumors or other changes 
genic properties of the 
few dogs 


suggesting carcino- 
benzidine. Only a 
have ever 
cancer after benzidine 


developed bladder 
There 


are several reports by Bonser et al.*% 


exposure." 
and 
Allen, Boyland et al.** suggesting that in 
the case of B-naphthylamine and p-amino- 
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biphenyl the explanation of the bladder as 
the target organ for tumor development lies 
in the presence of metabolites of the parent 
substance. 

These workers have shown that a prin 
cipal metabolite of B-naphthylamine in the 
dog is the o-derivative in the form of the 
sulfate ester of 2-amino-l-naphthol. A 
similar ester has been reported in studies 
the of p-aminobiphenyl.?° 
Furthermore, Bonser et al.*® have recently 
reported a significantly higher incidence of 
bladder cancers in mice treated with these 


on metabolism 


purified metabolites than in control mice. 
Their test method involved the implantation 
surgically of tiny wax pellets containing a 
10-206 suspension of the test substance 
into the bladder of young mice. Although 
of the treated with the wax 
pellets alone developed bladder cancer, there 


a few mice 
was a substantially higher incidence reported 
among the animals exposed in this manner 
to 2-amino-1-naphthol HCl. Preliminary re 
sults on the o-hydroxyderivative of para- 
aminobiphenyl suggest similar tumorigenic 
properties, 

The unsatisfactory state of experimental 
results with and the lack of 
definitive information as to its metabolism 


benzidine 


demanded intensive study of this substance. 
At least one reason for the paucity of ac- 
curate about the metabolism 
of benzidine was soon apparent. It is hard 
to handle. It is moderately toxic, so that 
doses over 100 mg/kg. are likely to kill a 
dog. Once in the urine as a metabolite it 


information 


tends to stay there, inseparable from its 
companion urine-soluble excretory products, 
so-called “urochromes.” The extraordinary 
qualities Of urine as a solvent are well 
known, but it will be worth mentioning 
that the principal metabolite of benzidine, 


the ethereal sulfate of monohydroxybenzi- 


dine, can be separated only with difficulties 
from urine by solvent extractions; yet once 
purified it turns out to be almost insoluble 
in water. 

The work reported here, showing in the 
dog that about half an intraperitoneal in- 
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jection dose of benzidine is excreted in the 
urine as 3-monohydroxybenzidine, is com- 
parable with findings for B-naphthylamine. 
lor the first time the way is clear for bio- 
logical tests of the major metabolite of 
benzidine in the dog. Although human 
studies have been on men exposed to benzi- 
dine in manufacture, and the amounts of 
free benzidine 77% and the metabolites have 
been small, every test performed has indi 
cated that the major metabolite in man is 
identical with that in the dog. However, in 
addition there is good evidence that acety 
lated benzidines are present in human urine. 
\lthough some published work implicates 
the ethereal sulfates (Bonser et al.) as the 


probable sources of the actual carcinogen, 


Boyland ** has suggested that in the case of 
B-naphthylamine, the 
major factor. He points out that the ethe- 
are 


glucuronide is the 


real sulfates stable in human. urine, 
while glucuronides can be split by glucu 
ronidase. Furthermore he has demonstrated 
two glucuronide derivatives of B-naphthyl- 
amine, with 


one the glucuronide in_ the 


ortho- position, and the other on the amino 
group. Perhaps, in the case of benzidine, 
chromatographic studies may provide leads 


for further other 


quantitative work on 
benzidine metabolites. 

In our studies on implantation of wax 
pellets into the bladders of mice, the in- 
cidence of cancer in the control mice using 
wax pellets alone has been enough to make 
interpretation impractical. Results — of 
Bonser and Boyland are highly suggestive 
but not yet entirely clear cut. It seems 
possible that the metabolites discovered to 
date are not the actual carcinogens, which 
might these 
In any case, studies will con- 
tinue of both biological and chemical as- 
pects. 


be dimers or polymers of 
metabolites. 


Summary 


This investigation on the fate of benzi- 
dine in the dog shows that the urine, after 
intraperitoneal injection of this diamine, 
contains unmetabolized 
1.7% to 9.0% 


from 
3-hydroxybenzidine 


benzidine 
and 
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ethereal sulfate from 25¢ 


administered dose. 


© to 50% of the 
The presence of benzi 
and of. its 


dine hydroxylated derivative 


were determined colorimetrically. They 
were isolated and characterized by chemical 
analysis and by comparison with proved 
The 
3-hydroxybenzidine 
that it is 


synthetic preparations. nature of the 


conjugation — of was 


studied, and it appears present 
as its hydrogen sulfate. 


It was isolated by 
butanol 


extractions. 

The possibility of a disubstitution in both 
ortho- positions of the benzidine was not 
verified, although it has been indicated pre 
viously in the literature that 3,3’-dihydroxy 
benzidine is the principal metabolite. Also 
the glucuronide conjugation has not been 
in evidence data reported and 
from analyses of the urine with the Tollens 
reagent 


from. the 


However, if the possibilities of 
left 
open, and if they were present, they did 


the presence of these metabolites are 


not appear in large amounts. 

An effort was made to utilize colorimetric 
methods inherent to the properties of the 
metabolite  3-hydroxybenzidine isolated. 
Thus the turbidimetric method for the de 
termination of ethereal sulfate was adapted 
to the determination of the ethereal sulfate 
of benzidine. 
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News and Comment 


GENERAL NEWS 


Analytical Abstracts.—A monthly publication of The Society for Analytical Chemistry, 
Analytical Abstracts. first published in January, 1954, on the cessation of publication of ABritts/ 
{hstracts C, Analysis and Apparatus, covers the analytical literature of the world 


It contains upward of 4000 abstracts per annum, prepared by abstracters who are experts in 
particular fields of analytical chemistry. Many abstracts are prepared by chemists in the 
countries of publication of the original papers 

Analysts will appreciate the advantage of having all abstracts dealing with their subject 


in a single publication 


t 
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Books 


Pneumoconiosis. By P. F. Holt. Price, $12.50. Pp. 236, with 97 illustrations. St. Martin’s 

Press, 103 Park Ave., New York 17, 1957 

This monograph is an important contribution to the literature on pneumoconiosis. Dr 
P. F. Holt writes from the point of view of a chemist and biologist rather than that of a 
clinician; yet his reviews of the clinical aspects of the dust diseases are well done. The major 
portion of the book is devoted to silicosis, with a scholarly review of the available chemical 
and biological data concerning the pathogenesis of the disease. After critically reviewing the 
experimental evidence for the various theories that have been proposed to explain the fibrogenic 
effect of silica, Dr. Holt offers an interesting extended solubility theory as a basis for further 
experiment, In additién to his exhaustive review of the silicosis problem, Dr. Holt devotes a 
chapter to asbestosis, and another to coal miners’ pneumoconiosis. He also includes brief 
discussions of the effects of a number of other siliceous and nonsiliceous dusts, Unfortunately, 
in this section of the book, the comment on some of the dusts is so brief that it may be 
misleading. For example, the paragraph on titanium oxide is limited to a statement that, guinea 
pigs exposed to titanium oxide develop pathology of the lungs, leaving the impression that 
the inhalation of titanium oxide is dangerous to humans, which does not seem to be the case 
The last three chapters are devoted to protective measures against pneumoconiosis, the measure 
ment of dust concentrations, and British compensation and factory regulations. 

Dr. Holt’s book can be recommended to everyone interested in industrial medicine and 
industrial hygiene as a well-written and thought-provoking treatise. The illustrations and the 
printing are excellent. 

A. O. Seecer, M. D 


Bulletin of the Atomic Scientists. Volume 14, number 1, January, 1958. 

This issue of the Bulletin of the Atomic Scientists reviews very concisely the new data 
available since the Congressional Hearings on Atomic Fall-Out, May 1957. Articles by 
noted scientists throughout the world have contributed to the journal, which has divided the 
articles into five categories: (1) Basic Data, (2) Nucleat Tests and Radiation, (3) Peacetime 
Radiation, (4) Broad Studies, (5) Nuclear Weapons in War. 

Several outstanding facts are worth noting. Independent researchers have arrived at very 
similar conclusions on the amount of fission products in the atmosphere and also on the 
predicted levels of Sr-90 contamination within the bone. One may quote from The National 
Academy: “There seems no reason to hesitate to allow a universal human strontium burden 
of \%4o of the permissible, yielding 20 rep in a lifetime, since this dose falls close to the range 
of values for natural background.” The English Medical Council says: “At its (Sr-90) 
present level, no detectable increase in the incidence of ill-effects is to be expected 
Nevertheless we cannot ignore the possibility that, if the rate of firing increases and particularly 
if greater numbers of thermonuclear weapons are used, we could within the lifetime of some 
now living, be approaching levels at which ill effects might be produced in a small number 
of the population.” 

Diagnostic and therapeutic x-radiation should be scrutinized very carefully. The American 
Medical Association was cool to a method of keeping a radiation diary on people receiving 
x-rays. This is a difficult undertaking, but perhaps some method would lead the way to reducing 
needless exposure of individuals to ionizing radiation. Russian scientists have observed changes 
in the nervous systems of dogs receiving x-rays, in doses as low as 41 r per week, administered 
weekly. 

Ropert Yover 
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FOR EVERY TOPICAL SITUATION 


EXCELLENT ANTIBIOTIC AND ANTI-INFLAMMATORY COMBINATION FOR INFLAMMATORY AND OR INFECTIOUS DERMATOSES 


T Howell, C. M., Jr: An 
P t & Digest Treat. 
neomycin ar d hydrocortamate 10 | CAL NTM ENT 


An extraordinary water-soluble dermatologic corticoid, MAGNACORT. 
combined with an outstanding topical antibiotic, neomycin, for 
effective control of inflammatory and/or infectious dermatoses.' © 
Improvement or complete cure noted in 88% of a series, including 
many skin disorders. notoriously difficult to treat. 


Suppiiep: In 1/6-0z. and 1/2-0z. tubes, 0.5% neomycin sulfate and 0.5% hydro- PFIZER LABORATORIES 
cortamate hydrochloride. Bivision, Chas. Pfizer & Ce., inc 


Also available: MAGNACORT® topical ointment: tn 1/8-02. and 1/2-02. tubes, 0.5% hydrocortamate hydrochloride, Brooklyn 6, New York 
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SPERRY INTRODUCES... 


New portable radar safety meter 
for survey of microwave power fie 


Like many technical developments, the 
high-power microwave systems now 
coming into wide military use present 
an unexpected problem. Medical and 
military leaders alike are concerned with 
the safety of personnel working with 
these “super radars” which generate 
tremendous microwave energy fields 
in their transmitters and antennas. 
Current information indicates the 
surest methods for establishing safe 
working conditions near powerful 
microwave devices involve survey 
measurements of microwave power 
density in the area. But, until now, 
application of this principle has been 
restricted because engineers have 
lacked suitable portable equipment for 


making these measurements. 

As a leading producer of advanced 
radar systems, Sperry has devoted 
extensive research to the problem of 
assuring safety in their operation. Re- 
sult of this investigation is the new 
Microwave Power Density Meter. 
Weighing only 6 pounds, the meter 
provides a simple but highly accurate 
method of exploring the existence of 
concentrated energy or “hot spots” 
close by high-power microwave anten- 
nas, transmitter tubes and plumbing. 
It is completely portable and contains 
its Own power supply. 

Utilizing the presently accepted safe 
energy level of 10 mw/cm?, the Sperry 
meter quickly registers the relative 


power density above or belo 
ceptable level. The meter is 
read in mw/cm?. A single kt 
ates the meter, permitting it 
nontechnical personnel. 

If you'd like more informati 
the new Sperry Microwav 
Density Meter, write for 
646 data sheet. 
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SPERRY MICROWAVE ELECTRONICS COMPANY, CLEARWATER, FLORIDA «DIVISION OF SPERRY RAND CORP 
Address inquiries to Clearwater. Florida, or Sperry Gyroscope offices in New York+ Cleveland: New Orleans- Los Angeles + San Francise 


GENERAL SPECIFICATIONS 


Sperry 


646 Power Density Meter 


FREQUENCY RANGES: 2700-3300 mc 


5200-5900 mc 
8500-9600 mc 


DETECTABLE POWER DENSITY: 
1 mw/sq. cm. to 20 mw/sq. cm. 


POWER: 8-volt mercury battery. 
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